/AD-A033  658 


UNCLASSIFIED 


PRC  INFORMATION  SCIENCES  CO  ROME  N Y F/G  15/3 

SPACE  SURVEILLANCE  SOFTWARE  SUPPORT.  VOLUME  1»  PART  1.  BOOK  3.  — ETC(U) 
OCT  76  P R CONTI  F30602-75-C-0167 

RADC-TR-76-261-V0L-1-PT-1-  NL 


A D A 0 3 3 6 5 8 


RADC-TR-76-261 , Volume  I,  Part  1,  Book  3 
Final  Technical  Report 
October  1976 


SPACE  SURVEILLANCE  SOFTWARE  SUPPORT 
Computer  Program  Documentation 

PRC  Information  Sciences  Company 


Approved  for  public  release; 
distribution  unlimited. 


D D C 


DEC  22  1976 


ROME  AIR  DEVELOPMENT  CENTER 
AIR  FORCE  SYSTEMS  COMMAND 
6RIFFISS  AIR  FORCE  BASE.  NEW  YORK  13441 


This  report  contains  a large  percentage  of  machine-produced  copy  which 
is  not  of  the  highest  printing  quality  but  because  of  economical  consideration, 
it  was  determined  in  the  best  interest  of  the  government  that  they  be  used  in 
this  publication. 

This  report  has  been  reviewed  by  the  RADC  Information  Office  (01) 
and  is  releasable  to  the  National  Technical  Information  Service  (NTIS) . 

At  NTIS  it  will  be  releasable  to  the  general  public,  including  foreign 
nations 

This  report  has  been  reviewed  and  approved  for  publication. 


APPROVED: 

JOHN  C.  CLEARY 
Project  Engineer 


APPROVED: 


RUDOLF  C.  PALTAUF,  Lt  Col,  USAF 
Chief,  Surveillance  Division 


FOR  THE  COMMANDER: 


JOHN  P.  HUSS 

Acting  Chief,  Plans  Office 


Do  not  return  this  copy.  Retain  or  destroy. 


V / 1,  t {J.  / k-3, 


UNCLASSIFIED 

tCCUHITY  CLAiSIFICATION  OF  THIS  PAGE  fl»l«n  D.l.  Entered) 

(—  REPORT  DOCUMENTATJQNPAGE 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


IEA  w p„  £ GO\fT  ACCESSION  NO.  >•  RECIPIENT'S  CATALOG  NUMBER 

lr;*  Booted  / / *7 


A.IITLE  <m*  «■*»)«■> 

js PACE  SURVEILLANCE  SOFTWARE  SUPPORT. 
•Computer  Program  Documentation « 


7.  author/*; 

P.  Richard  Conti 


». -TVfc  or  rrroirr-r^rmotrciSVERtc 
, I Final  Technical  Re pact  • 

I AprtI  g75  - Jul#  >»76  y 

* PERFORMING  ORG.  REPORT  NUMBER 

N/A 

I.  CONTRACT  OR  GRANT  NUMBER/*; 

JF306O2-75-C-O167  ^ 


• PERFORMING  ORGANIZATION  NAME  ANO  ADDRESS 

PRC  Information  Sciences  Company 
8606  Turin  Road 
Rome  NY  13440 

II  CONTROLLING  OFFICE  NAME  ANO  ADDRESS 

Rome  Air  Development  Center  (OCSA) 
Griffiss  AFB  NY  13441 


10.  PROGRAM  ELEMENT.  PROJECT,  TASK 
AREA  A WORK  UNIT  NUMBERS 

62702F 

r 65121205  ,r7  j / 


REPORT  DATE 


/ V October  U76 


Griffiss  AFB  NY  13441  tTt'nIjmbeR'^p 

83  T:  \ 

I*  MONITORING  AGENCY  NAME  a AOORESS/I/  dtllarant  Imn  Controlling  Olllca)  IS.  SECURITY  OR- ASS.  (ot  Mle  import) 

Same 

UNCLASSIFIED 

IS».  OECLASSI  FI  CATION/ DOWNGRADING 
SCHEDULE 

N/A 

l(.  DISTRIBUTION  STATEMENT  (ot  title  Report) 


Approved  for  public  release;  distribution  unlimited. 


17.  DISTRIBUTION  STATEMENT  (ol  «!•  ebetrect  entered  In  Bloch  20,  II  dlllaranl  from  Report) 

Same 


I IB.  SUPPLEMENTARY  NOTES 


RADC  Project  Engineer: 
John  C.  Cleary  (OCSA) 


1*.  KEY  WORDS  ( Contlnua  on  raaataa  alda  If  nacaaamry  and  Identify  by  block  number.) 

Trajectory  Software 
Radar  Cross  Section 
Orbit 

Classifiers 


20.  ABSTRACT  (Contlnuo  on  rararaa  alda  If  nacaaamry  and  Idantity  by  block  numbar) 

The  objective  of  this  effort  was  to  modify  the  RADC  trajectory  program,  orbit 
program  and  various  radar  cross  section  programs  were  modified  to  run  on  the 
RADC  HIS  6180  computer  under  the  GC0S  system  software.  The  RADC  trajectory 
program  was  modified  to  include  the  capability  of  processing  multiple  (20) 
radar  sites  and  multiple  (20)  targets  in  the  program  so  that  various  radar 
parameters  could  be  determined.  This  type  of  information  is  essential  in 
performing  radar  coverage  analyses  for  systems  such  as  COBRA  TALON,  SEEK  SAIL, 
COBRA  DANE  and  COBRA  JUDY.  This  portion  of  the  effort  is  documented  in  Vol  I. 
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Line  20  (continued)  Vol  II  documents  a procedure  for  punching 

cards  in  ASCII  format  and  reading  the  data  onto  a HP  cassette  for  subsequent 
plotting  with  an  HP9820  calculator  system. 


Vol  III  documents  some  Radar  Signature  and  Radar  Scattering  computer  programs. 

A three  dlmlnslonal  plot  program  contained  in  this  volume  has  been  incorporated 
into  the  Interactive  Radar  Simulator  for  plotting  three  dimensional  antenna 
patterns  and  cross  section  aspect  angle  histories. 
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ABSTRACT 


The  objective  of  the  effort  documented  herein  was  to  provide  com  - 
puter programming  support  for  Space  Surveillance  system  anaJ/sis.  The 
two  primary  tasks  of  the  effort  were  to  complete  the  modification  of  the 
RADC  Trajectory  Program  and  to  modify  various  radar  cross-section  and 
other  computer  programs  so  that  they  could  be  accessed  from  the  inter- 
active system  for  the  RADC  Radar  Simulator.  The  documentation  is 
organized  as  follows: 

Volume  I,  Part  1,  Book  1 - Project  Summary  and  Computer  Program 

Documentation  (Chapters  I -III  of  Volume  I,  Part  1) 

Volume  I,  Part  1,  Book  2 - Computer  Program  Documentation 

(Chapter  IV) 

Volume  I,  Part  1,  Book  3 - Computer  Program  Documentation 

(Chapters  V-VI  and  Appendices  A-E) 

Volume  I,  Part  2 - RADC  Trajectory  Program  - Numerical/ 

Analytical  Data 

Volume  II  - Generalized  Data  Entry  and  Plot  Program 

Volume  III  - Radar  Signature  and  Radar  Scattering  Principles 

Investigation  Software 
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V.  Description  of  Auxiliary  Computer  Programs 


1 

' Several  computer  programs  were  developed  to  perform  the  auxiliary 
function  of  punching  out  data  files  so  that  plots  could  be  generated  on  the 
Hewlett-Packard  9820A  calculator /plotter.  Radar  coverage  parameters 
were  computed  and  placed  on  a file  by  any  one  of  three  trajectory -type 
programs,  the  RADC  Trajectory  Program,  the  Cobra  Talon  Trajectory 
Program,  or  the  Orbit  Prediction  Program.  The  data  on  file  would  then 
be  accessed  by  the  appropriate  auxiliary  program  and  punched  onto  cards 
to  be  read  by  the  Generalized  D^^ntry  and  Plot  Program  (described  in 
Volume  II)  on  the  HP  9320A.^A  listing  of  the  source  code,  a sample  job 
stream,  and  sample  output  for  each  of  the  auxiliary  programs  follow.  The 
sample  output  represents  a portion  of  the  printout  from  the  execution  of 
each  program.  The  first  set  of  listing,  job  stream,  and  output  is  given 
for  the  program  to  punch  out  the  RADC  Trajectory  Program  plot  file,  the 
second  set  is  for  the  Cobra  Talon  punch  program,  and  the  third  for  the 
Orbit  Prediction  punch  program. 


ruKcii  data  non  tbajectoez  froobah  la 

CPUICB  POBCl  DATA  PROH  TlAJICTOlT  FROOBAH 

c 

DIHEESZOR  BUFF<SOO0),RABQB(2OOO) 

LOGICAL  XHOT2#  EOF.  EOF  1Q»AWTCM2#  SWITCH 
»A«lllSI>EAI1VTiMlBC,MPlOT.»SzT*<BlEAJ 

reOird  10 

BEAp(S;BAIt1) 

WRXTEU.BARD 
lBcTlR»IimBc/0,10*1.0E-5 
DO  200  iTIaJ-IiBTRaJ 
IF(lTRAJ'.E0.2)8O  to  200 
DO  120  ZBZTE-I.BSXTi 
1,  »nc(  10)TZHE3,IPLOT2,Z02,EOr 
KK  - 1 

IF ( EOF ) SO  TO  120 
DO  7:  IP LOT*  1 * BPLOT 

IBACK-0 

BNAX— 1.0E  + 20 
RHXB*1, 0**20 
BfT5«0 
X»0 

SWITCH*. FALSE. 

2 i HEAD ( 10 ) BREC3*  HBECG. BRECS. EOF 1Q«  SWTCH2 
ZBACK*IEACK*1 
IP(EOFIO)  GO  TO  GO 
NDAtAMRlC3*X02 
IRCB0F»IRCTIM*I02 

HEAD< 10){BUPP(J)*J-1*»DaTa) 

IBACK»IBACK*1 

K«KK 

IF  ( SWITCH ) K*II 
3 J 1*1*1 

NpTs  *BPTS*1 
B*HGE{I)*BUFF{K) 

A-8»NGE(I) 

IF ( B . GT, RHAX ) RBAX*R 
iFtBVLT.EMlBJPnzB-E 
K*K*lBC*PF 

IF(K.'LE.RdatA)00  TO  JU 
IF(TtHIBc.lT»0, 10*1.08-9)80  TO  30 
SWITCH*. TRUE. 

ZIvBpATA-(x*ZBcBUF) 

II*IBCBUP“II 
ifJuTeo.Oiii-ibcbui 
GO  TO  20 

GO  W&zTe i 6.110) IT*a ISlx* 

110  FORHATt/>/2X,«TRAJEcTORT  HUHBb*'.I«»5X."RAdAB  SzT|  BUHBe*"«iI) 
HRzTe(6. 90) ZPLOT 

9,  FOB BAT ( ///2X. "RApAR  FARAn*TER"#ll/>/9X."MAXxHun«,7X, 

« "nzBlBUR»;GX."lBlT.  TIKE", OX. •TIB*  XHC. "» 3X1 'BO.  Of  St?,") 

BR|Tt ( 0.90 ) RBaX«RMZB«TzBe3»TzHZBC( VfTB 
so  FOBBAf />/2X.G*1G,5,x6) 


L 


V-2 


tUMCX  DATA  non  TRAJECTORY  prograh 


PERCH  5:.tHAX>RKIR.TIHE3(TXnZIC»«PTS 
H1ITE(6,  lOOilPLOT 

1-0  P0r«AT(4/JX."dRTA  PO«  PARA«ETER"tl6//J 
»IITE(6.I0>(Ba»GE(I),I-1,EPTS) 

6 r0RHAI(2I.5El|*.5) 

P*»C«  6:;(RaHGE(I)»I-1#SPTS) 

IP  tlPlOT.EQ.mOT)  00  To  70 
do  a zb-i»xback 
a backspace  io 
KK-KK+1 
70  COETIHUE 
GO  TO 

120  CONTlXUt 

200  comm 

STOP 

END 
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I 

10$  * I DENT : CL  E ARY  , C0NTI  ,651211 04RADC,  DSSR 

20$ : 0PTI 0N  : FORTRAN 

30$: SELECT :CLE  ARY /0PUNCHC 

4000$ I EXEC  UTE 

4005$:LIMITS  : 05, 20K, , 1 2000 

40 10$: PRMF  L: 10, R/V, L, CLEARY/DST0RB 

4020$: DATA: 0 5 

4030  $NAM1  TIMINC=0. 1 , NPL0T= 6, NS I TE*2,NTRAJ= 1 $ 

5OOOS:ENDJ0  B 
50  1 O**>*E0F 


Sample  Job  Stream  for  Program  to  Punch  Out 
RADC  Trajectory  Program  Plot  File 
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3NUMB  = 3820T.  ACTIVITY  M * 3 1,  REPORT  CODE  = 06,  RECORD  COUNT  = 000683 


NaNeTIST  KAMI 
TIMINC*  0.  1 OGOOOO  '-E  01. 
NPLo-“a  6.  . ' S T T 2 

S EfiD 


i,  MBAJ  = 


trajectory  number 


P A 0 A P SITE  NUMBER  1 


1 A " A 8 PARAMETER 


MAXIMUM 

M ! >J  I 

MUM 

IN  IX.  TIME 

time 

INC, 

NO,  0"  PTS 

0.1  7226  s 05 

.83  9r 

14 

0,47500-:  02 

0. 100C.01: 

Q 1 

06 

A TOR  pahamet: 

K 1 

0.83019k  04 

0.8  40  *5'' 

14 

0. 35o75:  04 

0.8^1  122 

04 

0,07162;  04 

0.83106K  < w 

'.  8 9 2 - 4 2 

>4 

0 .40273=:  04 

0.91-345K 

ijU 

0.?23 995  04 

0.934542  04 

0.345-  9 

)4 

0.93565E  Oh 

0.966225 

0 4 

0.976782  04 

0, 93734E  '-4 

.307: 92 

J 4 

0,  100942  05 

3.  10  19Q5 

0 5 

0 , 1 0 2 9 5 2 05 

0.104002  05 

'.105  42 

05 

0.106092  05 

0.177135 

0 5 

0. 106172  05 

0.  10921  E 05 

.11  :5  ' 

>5 

0.11  1 2 B : 05 

0.  1 123  IE 

05 

0.113341  05 

0.11436S  05 

".  1 1539.- 

0 5 

0.116402  75 

0 . 1 1 7 4 1 E 

05 

0.118422  05 

0,110432  05 

.12  432 

>5 

0.121432  05 

0. 1^2425 

05 

0.1234  15  0.5 

0.12440"  05 

O'.  125332 

0 5 

0.  128.362  05 

0.  12734“ 

05 

0.128315  05 

o.l  2028 K 5 

.13  / 4 0 

j5 

0.  131203  05 

0. 1^2  If t 

05 

0.1331  12  05 

0. 13<*06~  05 

0'.  135. 02 

0 5 

0.135942  05 

0. 136875 

05 

0.137305  05 

0.138732  05 

. 139052 

05 

0,140572  05 

0 . 1 4 1 4 8 5 

05 

0. 142392  05 

0,14329“  05 

0.144  92 

05 

0.145092  05 

0.145985 

05 

0.146372  05 

0,  147752  '.5 

, 14S03E 

j5 

0.149502  05 

0. 153375 

05 

0.151242  05 

0.152102  05 

0.15206? 

05 

0.153912  05 

0.  154665 

05 

0.  155505  05 

O',  1563  42  >5 

. 157  10  7 

15 

0 , 1500  1-:  05 

0.  150845 

05 

0.159665  05 

0.160482  05 

0. 161302 

3 5 

0.162112  05 

0.  I6 29  IS 

05 

0.163722  05 

O'.  154512  >5 

. 165312 

o5 

0.16610”  05 

0.  166685 

05 

0.167662  05 

0.160442  05 

o'.  169212 

05 

0.159982  05 

0. 170755 

05 

0.171512  05 

0",  172262  05 

JECTORY  NUMBER 

1 

V 

AO  All  SITE  NUMBER 

1 

PaI'AR  PARAMETER  2 


MAXIMUM 


M I NX MUM  INIT  • TIME 


time  inc,  no,  on  j?ts_ 


o'.  10704s  05  . 764-6!'  >4  0. 475001-.  02  0.1°0OCE  01 


V-5 


Da-a  for  Parameter 


2 


0. 1036  IE 

0 5 

. 1 o 4 / 2 ' 1 5 

0.  '0475V. 

05 

0. 10522E 

05 

0. 1u562E 

05 

0, 1 0 5 9 6 E 

05 

O'.  10*262  .5 

0.106507 

05 

0.  10669E 

05 

0. 10683E 

05 

O'.  10694c 

05 

.107  IV  .5 

0,  ''07 040 

05 

0. 10704E 

05 

0. 10700E 

05 

O'.  1069UE 

05 

O'.  I06‘  5v  j5 

0 . 10673c 

05 

0. 10659E 

05 

0. 1C643E 

05 

O',  10625c 

05 

.106  40  05 

0.  10582V 

05 

0.  10559E 

05 

0.  10534E 

05 

O',  10507E 

05 

O'.  10479V  ;5 

0.  10450  V 

05 

0. 104  19E 

05 

0.  10387E 

05 

O’,  10355V 

05 

. io3rir  >5 

0,  102  8 71: 

05 

0.  10252E 

05 

0. 1 02  1 6E 

05 

O’,  10179E 

05 

0.10142V  05 

0,10104V 

05 

0 . 10066E 

05 

0.  10027E 

05 

0'.99e73E 

0 4 

. 9 9 4 7 4 E i4 

0,39072V 

04 

0.986652 

04 

0.93256E 

04 

O’,  97643E 

04 

0'.974;er  1 1 4 

0.97010V 

04 

0.96590E 

04 

0.961662 

04 

0 ",  9 5 7 4 3 E 

04 

.953-7;:  .4 

0.94690V 

04 

0 . 94  46  1 E 

04 

0 , 9403  1 £ 

04 

0.93600E 

04 

0. 931682  "4 

0.92735V 

04 

0.92302E 

04 

0.91866E 

04 

0 ’,  9 1 4 3 4 E 

04 

• 9 0 9 e 9 T '4 

0.90565V 

04 

0.9013CF 

04 

0.896952 

04 

0.69260E 

04 

C .688; 52  (i 4 

O.nSjOOV 

Ox 

0.87955E 

04 

0.S7521E 

04 

0 , 870P7E 

04 

.86654"  .4 

0,66220V 

04 

0.85766E 

04 

0,653562 

04 

O',  64924E 

04 

O'.  664 5 3!:  .4 

0,64063V 

Ox 

0.83633E 

04 

0.63204E 

04 

0.82775E 

04 

.6234  8'-  04 

0.61921V 

04 

0.814S5E 

04 

0.610702 

04 

0.80645E 

04 

0.60271V  4 

0. 79798V 

04 

0.79376E 

04 

0.73955V 

04 

0 ",  7 3 5 3 5 E 

0 4 

.781  1 5 2 04 

0,77697V 

04 

0.77279E 

04 

0.768622 

04 

0 .76446E 

04 

trajectory  number 

1 

RADAR  SITE  NUMBER 

1 

pae-aR  parameter 

3 

HAXIXUK 

m:.nv 

1 '!  M 

IN IT.  ! 

IMt 

time 

INC, 

0 

0 

•*3 

RTS 

, 0,961062 

01 

0.201'  7;: 

0 1 

0.47500L 

02 

0.  1000C2 

01 

96 

data  for  paramet 

ER  1 

0. 20147'V 

.'1 1 

. 256  6'' 

.<1 

0.30777E 

01 

0.356722 

01 

C. 40301V 

01 

O’i  44675E 

01 

C'.  48804c 

01 

0.526992 

01 

0.563692 

01 

0.598222 

01 

0.63069E 

01 

. 6 6 1 1 6 F 

01 

0.68973V 

01 

0.716462 

01 

C . 74 144V 

01 

O’,  764722 

01 

0.786  l9f 

01 

0,506492 

01 

0.825112 

01 

0.842282 

01 

0".  8 580  82 

01 

'.  8 7 2 ” 5 1: 

)1 

0.685752 

01 

0.697722 

01 

0.908512 

01 

0',91817E 

01 

0,926-14:-. 

01 

0.93426V 

01 

0. 9^0772 

0 1 

0.94631V 

01 

0',95091E 

01 

. 9543  12 

•)1 

0.95745E 

01 

0.95945E 

01 

C . 9 8 0 6 4 e 

01 

0 ',  9 6 1 0 6 E 

01 

o'.  960731. 

01 

0.95968c 

01 

0.957532 

01 

0.955512 

01 

O’,  95244E 

01 

',  94815  V 

11 

0,94446c 

01 

C.939S6E 

01 

0.9341x3 

01 

0 ",  9 2 8 1 5 2 

01 

0 -.  9 2 1 6 4 r 

01 

0.91x52c 

01 

0 . 9 0 7 1 1 E 

01 

0.89913E 

01 

0",  89069c 

01 

".  8 8 1 b 1 r 

01 

0.572492 

01 

0.862772 

01 

0 . 65264E 

01 

0.64212E 

01 

0.83173! 

01 

0.61997V 

01 

0 . 8 0 8 3 6 E 

01 

0 .7964  IE 

01 

0.76413E 

01 

.77162’ 

01 

0,756612 

01 

0.745402 

01 

0,731893 

01 

0 , 7 1 6 1 0 E 

01 

0.70404V 

9 1 

0.68S71S 

01 

0.675132 

01 

0.66029Z 

01 

0, 6 4 5 2 1 E 

0 1 

' .62990" 

11 

0,614352 

01 

0.556592 

C 1 

0,562612 

01 

0,566422 

0 1 

O'.  550032 

01 

0.533432 

01 

0.516652 

01 

0.49969c 

01 

07  48254E 

0 1 

.46521E 

01 

0,447722 

01 

0 . 4 3 0 C 6 E 

01 

0,41223V 

01 

O', 394252 

0 1 

0 '.  3 7 6 1 2 v 

01 

0.357S4E 

01 

0.33942E 

01 

0.32085E 

01 

0,302152 

01 

. 28  3 311' 

01 

■0,264352 

0 1 

0.2«526E 

01 

0 , 226Q5E 

01 

V-6 


0.20672E  01 


TpAjECTCET  NUMBER  1 IaDAR  SITE  NUMBER  1 


PAlAR  PARAMETER  (t 


MAXIMUM 

Mr Nl M"M 

mix'.  TIM* 

time  inc, 

NO.  OF  PTS. 

C, 934527-02 

-C . 323  161-  ,2 

0, 47500 E 02 

o. iooooo  01 

96 

OAlA  FOP  PAFAKEt 

r K 4 

0.934522- 7 2 

.865521-  '2 

0.83847E-02 

0.7933QE-O2 

0.74995E-Q2 

0.70635  F “02 

o 6 6 8 ^ 3 K - A 2 

0. 630121-02 

0.59337E-02 

0.558  1 0E-02 

O',  524261-  2 

. 49  i *»6  * - >2 

0, 4606  1F-02 

0.43069E-02 

0.401  9 8E-02 

0.37UUCE-02 

C . 3 4 7 "■  3 r - 0 2 

0.32250E-02 

0.298O8E-O2 

0.27462E-02 

G • 25206 e - 0 2 

.23  41F-  2 

0. 209581-02 

0. 1B956E-02 

0. 17030E-02 

0,  I5l7gf>02 

C.  13356E-G2 

C . 1 1632E-02 

0. 10032E-02 

0. 84431  E- 03 

0,691 34E-03 

,5(ia  2E-  3 

0.40  21 1*->0  3 

0.2&537E-03 

0. 13359E-03 

0 .65594E-05 

-O'.  11502'-'  3 

-0 . 234032-03 

-0.3“796E-03 

-0.45787E-03 

"C  ,56  391,"-. j 3 

- .666  12-’  - 7 3 

-0,765151-03 

-0. 66059E-03 

-0 , 95276E-03 

-O'.  104  18E-02 

-O'.  1 l2~8E-02 

-0.  12  1 10F.-02 

-0. 12913E-02 

-0. 1 3690E-02 

-O'.  14U41E-.  2 

- . 1 5 1 * 8 r - 0 2 

-0.  '58712-02 

-0.  1&551E-02 

-0. 17209E-02 

— 0 , 1 7 6 4 6 E-u  2 

-O’.  1846  2E-0  2 

-0. 19059E-02 

-0.196375-02 

-0.20  1 97  E-0  2 

-0'.20740r-C? 

- . 2 1 2 6 6 F - 2 

, 2 17752-02 

-0-22269E-02 

-0. 22747 e-02 

-c‘,2321  lr.-02 

-C'.  2366  11-0  2 

-0.24097E-02 

-0.29521E-O2 

-O'.  2493  IE-02 

”0 , 253  3 o n — f.  2 

- . 257  - 7!-, 2 

-0 . 260921-02 

-0. 2^4561-02 

-0.26810E-02 

-C .27 1540-02 

-C'.  274  > 7E-0  2 

-0.278  1 IE-02 

-O.20126E-O2 

-0.23432E-02 

“0".  28729E-C2 

- .29  18H-.J2 

-0.292982-02 

-0.29571E-02 

-0 , 29836E-02 

-0.30094 E-02 

-O’.  383451-02 

-0. 305391.-02 

-Q.30626E-02 

-0.31  057E-02 

“C. 3126  12-02 

- '.315  or- 3 2 

-0,3171 22-02 

-0. 319195-02 

-0.32120E-02 

-0*.  323  1 6 E-02 

Tpf.jFCTOPT  NUMBEP  1 FA 

TA*  SITE  NHVBE 

R 1 

pat*p  parameter 

5 

{ 

MAXIMUM 

MINIMUM 

mi.  TIME 

time  inc.. 

NO.  OF  PTS. 

C;32993F  03 

0.29335F  03 

0.47500E  02 

O 

M 

O 

o 

o 

o 

o 

96 

data  fop  parameter  5 

0 , 3 2 9 9 3 E 03 

. 3 2 9 i 3 E 03 

0.32834E  03 

0.32756E  03 

0.32680E  03 

C . 32606c  03 

O’, 32533E  03 

0.32462E  03 

0.32392E  03 

0.32323E  03 

V-7 


C',32256E 

03 

3 2 1 9 0 f 

03 

0 , 32  1 25r 

03 

0.32061? 

03 

0 . 3 1 999 E 

03 

0.31938E 

03 

0;31|78* 

03 

0.31819*: 

03 

0.3  176  IF 

03 

0 3 1 70 4 F 

03 

Q , 3 1 6 4 8 E 

C 3 

. 3 1 5 9 4 £ 

03 

0 , 3 1540E 

03 

0.31467- 

'^3 

0 ! 3 1 43$E 

03 

0’,3  1385e 

03 

0 3 1 3 3 5 F 

03 

0.31286E 

03 

0 . 3 1 2 5 S 7 

03 

0.3  1 19  IE 

03 

0 3 1 1 4 5 E 

03 

*31  99F 

>3 

0.31054E 

03 

0.310102 

j 3 

0.3u967“ 

03 

0.30925E 

03 

0 '.  3 0 8 6 3 E 

03 

0.30842E 

03 

0.308022 

03 

C . 307637 

03 

0',3072i*E 

03 

,3(>6fi6E 

>3 

0.30648E 

03 

0.306  1 IE 

0 3 

0 . 3 C 5 7 5 2 

03 

C 3 0 5 3 9 E 

0 3 

?• . 3 0 5 3 4 F 

03 

C. 30470 E 

03 

0.30436“ 

0 3 

0.30403? 

03 

0| 30370E 

(•3 

, 3 0 3 3 8 F 

■;3 

. 3 0 3 0 7 E 

03 

0.33276? 

0 

' .30245? 

0 3 

0.30215E 

03 

C'.  J0i?5l 

0 3 

0.301567. 

03 

0 . 3 0 1 2 3 F 

0 3 

0.30100? 

03 

0 3 0 0 7 2 E 

C 3 

.30  45E 

3 

0.300162 

03 

0.299022 

0 3 

0.29966? 

0 3 

0’,  299U0E 

03 

C ’.  2 9 9 1 5 E 

0 3 

0.296903 

0 3 

C.29e<  bv 

D 3 

C . 2 9 8 4 2 f: 

03 

O',  296  IS- 

0  3 

. 297? 5F 

<3 

297732 

C3 

0.29710" 

J 1 

0.297287 

0 3 

C'. 29706E 

03 

0 . 2 9 n 6 5 v 

3 

0.29664L 

0 3 

0.296 42- 

0 3 

0.296 23 F 

03 

0.29603E 

O'  3 

.29563F 

>3 

. .295637 

03 

0.29544? 

j 

' .295251 

0 3 

0 , 2 9 5 0 7 E 

03 

0.29468F 

0 3 

0.294707 

0 3 

0.29452- 

03 

0.29435: 

03 

O’,  29418E 

( 3 

.254  IE 

3 

.29334" 

0 3 

0. 2'J 36  7 7 

0 3 

0 .293512 

0 3 

0V29335E 

03 

jectopy  : 

number 

, 

A 7 A 7 3ITE  l 

CV\b 

EF  1 

PaTaP  parameter 


maximum 

MlNIMnK 

IN’IT.  TIE  E 

time  inc. 

;.0.  OF  FT  s 

-C, 26504s- 02 

-C  . 1 3 5 7 6 F - 5 1 

0 

,4750Ci'  ?2 

0 . 1 0 0 C 0 7 01 

06 

7 A FOE  FARAM 

ETEP.  6 

-O',  13576E-*  1 

- . i33  OF-  1 

— -7 

. ' 30  3 1E-0  1 

-0.  1277C'?-:1 

-C  . 125150-01 

-0 . 1 2267E-0  1 

-0.  1 2 0 2 6 E - 0 1 

— 0 

. 11791?.-?  1 

- 0 . 1 1 5 f 1 -01 

-0.  1 1 3 3 7 E - 0 1 

-C,  1 1 1 19E-0  1 

- '.  109  6E-?1 

-0 

. 1 0 6 9 8 - r 1 

-o. 10494?- o 1 

-C  . 1 J296E-0 1 

-O'.  10  102E-0  1 

-?'.99i:2F-  2 

-0 

. 9 7 2 6 5 E - ? * 

-O.S^4S7r-o2 

-0.936850-02 

-0.91953E-02 

- . 9 0 2 5 9 E - 2 

-o 

.836022-02 

-0.6*96 17-02 

- ? .65395  0-  02 

-O',  83843 E - 02 

-O'.  823045  -62 

-0 

. 80 8 367-0 2 

-0.793647-02 

- 0, 77960 E -02 

-0;76566E-02 

- '."’52  27-  2 

- o 

.736667-02 

-0.725597-02 

-0.712765-07 

-0.70024E-02 

— C,  687  461  -02 

-0 

.675037-02 

-C. 6&4155-02 

-0. 652617-02 

- 0 ",  6 4 1 3 1 E - 0 7. 

- '.63  247-  ,2 

- ; 

.619397-02 

-0.69876"-o2 

- 0 , 5 9 8 3 5 ? - 0 2 

-O',  58815E-02 

-O'.  57B'5E-'2 

-0 

,56  6 3 5 2 

-0.538757-02 

-0. 54934  F.  — 7 2 

-O’,  5401  2E-  5 2 

- .531  9E-- 2 

- 0 

,322225-  - 0 2 

-0.513535-02 

-0,505027-02 

-O’,  49667E-0  2 

— .480-8:-  2 

— 0 

.430457-02 

-0.472587-02 

-0 . 464861-02 

-C.  457297-5  2 

-'.449F7E-  2 

.-42597-02 

-0.435457-02 

— 0 , 4 2 8 4 4"- 0 2 

-o;42157e-92 

-O’. 4 1 4 * 3 E-  2 

— o 

,40821? -02 

-0.401727-02 

-0.395334-02 

- 0 , 3 8 9 1 0 F - 0 2 

-’ . 382"7r-  2 

- ; 

,37695"-'2 

-0.37 1 C 5 ~ — 0 2 

-0.36525? -07 

-0,359567-02 

-r.353.  7 F - 2 

-0 

,34849' - n 2 

-O.34. 3 117-02 

-0.337823-02 

- 0 ',  3 3 2 6 3 E - 0 2 

- ,327747-  2 

- ; 

. 522535'  — ?2 

-0.317G27-.j2 

-C  ,3127915-02 

-0.308067-02 

- 0 , 3 0 3 4 0 F - ? 2 

••0 

. 2 9 6 3 3 v -0  2 

-?. 29434? -02 

-0.269931-07 

-O’.  2856QE-02 

- .28 1047-  2 

- 3 

,277167-02 

-0.27305-5-02 

-0.2690  IE-02 

1 

fl 


V -8 


TRAJKCTOR*  number 


1 


FuDAP  SITE  NUMBER 


2 


dAOAF  PARAMETER  1 


MAXIMUM 

MINIMUM 

IMT , TINE 

time  inc. 

NO,  or  PTS 

C • 9U203E  0 4 

.203  8 F ,'U 

r . 9 U o 0 0 V 01 

O.iooooo  oi 

40 

IA  FOR  FA 
0,20306” 

RAKET 

04 

K 1 

C.2C7P0) 

0 4 

0.21599): 

04 

0.226&4F 

04 

0.23992E 

04 

C ,25476:. 

C 4 

■ 27  c 3 r 

4 

0 2 8 8 0 9 1 

04 

0 30598E 

04 

0 32438E 

04 

0 , 3 4 3 1 1 r 

0 4 

C ! 3 6 2 ' 6 K 

. 4 

0*381  12E 

04 

0*.40021E 

04 

0 *.  4 1 9 2 9 E 

04 

0,43629). 

**i  4 

. 4 5 7 . o '• 

'4 

C, 47597  F. 

04 

0.494590 

04 

0.51305E 

04 

53 1321 

04 

<:  ’.64  9.  2 f 

4 

0.56732? 

04 

C.58503E 

04 

0.60253E 

04 

0,6  1964). 

l.;  4 

.E3695F 

4 

0,65387c 

04 

0.67058E 

04 

0.6B71CE 

04 

:',70342E 

04 

r . 7 i 9 1 5v- 

1 4 

0.73550E 

04 

0.75125E 

04 

0.76682E 

04 

0.78221E 

4 

.79743:- 

j 4 

0 , a 1 2 4 6 E 

C 4 

0.82733S 

04 

0.84203E 

04 

A JECTOPY 

NUMB). 

1 

PA7AR  SITE 

NUMBER 

2 

EAR  PARAMETER 

2 

MAXIMUM 

X 7 N 7 u M 

IMT,  TIME 

time  inc, 

no.  or  PTS 

0, 19343F  06 

. 3 1.  7 -- 2 " 4 

:.94oooe  01 

0, ioocoe  01 

40 

"A  FCF.  PARAMETER 

2 

0.30762  ?■ 

0 4 C . 

66 ic 3r 

C 4 

0.96827E 

04 

0.122122 

05 

0 . 14223E 

05 

c , 157751: 

0 5 , 

1 6 9 l 3 F 

5 

0 , 1780  IF 

05 

0,184145 

05 

0.18837E 

05 

: . 1 9 1 1 1 e 

05  0! 

1 9272  r 

0 5 

0 . 1 9 3 a 4 E 

05 

0.  193487 

05 

0. 19300E 

05 

C. 19212E 

• e 

19  r 2) 

5 

C . : 6 9 4 9 E 

05 

0 , 187680 

05 

0.16614E 

05 

0,  1 8 4 3 0 E 

05  C ! 

16  2.'  8) 

1 5 

0 . 1P042E 

05 

0.  1 7 8 4 2 F 

05 

0.  1764  IE 

05 

0,  17439) 

■ 4 

172.  7F 

■5 

17036E 

05 

0.  16837" 

05 

0.  16639E 

05 

0 , 1 6 4 ft  U F 

05  r . 

1 6 2 D 

5 

C.  10  060". 

0 5 

0.158723 

05 

0.  1568BE 

05 

0, 155C6" 

T 

157.6' 

5 

. , 1M3CE 

05 

0 . 14977- 

05 

0. 148Q7E 

05 

T;..;jrcTOFy  NUMBER  I PAPAS  SITE  NUMBER  2 

SAPaR  papameter  3 

V -9 


L j 


m ' — ■ 


2.-13-26. 15,35-k  PUNCH  RADAR  DATA  f ROM  CQHRA  TaLON  TRAjECTQRT  PROGRAM 


I 

3 

4 

5 

6 

7 

8 
9 

fC 

II 
12 

13 

14 

15 

16 

17 

18 
19 


2 3 

24 

25 

26 
27 

2S 

29 

3^ 

31 

32 

33 

34 

35 

36 

37 

38 

39 
4" 
“1 

4 2 

43 

44 

45 

46 

47 
<8 
49 

5 ' 

51 

52 


C PUNCH  RAOAR  DATA  FROM  COBRA  TALON  TRAJECTORY  PROGRAM 

r 

double  precision  arrat<2u> 

•»t imei 

DIMENSION  R(2'1'JP)»RDOT(20r  j ) . A < 2 U).ADfjT(2  <i  ) , h ( ? 0 fl  * « ) » 

*PDqt«2070) 

REWIND  2 
1 = 1 

RMAx=-l • 0E*20 
RMIN=l,  E+21 
RdmaX  = Rma>< 

RDMlN=pMIN 

AMAX*RMAX 

amin=rmin 

ADmAxsRMAX 
aDMINsRMIN 
(:MaXsRM  AX 
FM I M = RM  I N 
EDMAX5RMAX 
FDM I NsRM I N 

RFAD(  2)TIME1. (ARRAy(J)>Ji^<pO) 

T IMFsTIMEl 

I F ( I .e^.Dg0  T0  5 
1 rEAD<  2,ENd=51)ArraY 
5 R I r > = ARRaY(2> 

RDOT( I )S ARRAY(3) 

A ( I )=ARRAY{5) 

A DOT  ( I )sARRAY(6) 

E t I ) = ARRAY (6) 

FOOT ( I)=ARRAY(9) 

I F ( R ( I ) .GT.RMAX)R3AX=R( I > 

[ F ( R f j ) , LT . RM 1 N )RM j N*R  t I 1 
I F ( ROOT  I I ) . Gy . RDM AX )RUMAX=dDOt(  I ) 

IF(RD0T ( I ) .LT .RDMINjRDmINsROOT ( I j 
I r ( A c I ) . GT . AMAx ) AMAxs A ( I ) 

IF( A( II. LT. AM  IN) AMIN: A ( 15 
IF(ADOT(I ).LT, aDHIN)adMIN  = aDOTU  ) 
j F ( aDOT ( j ) .GT. aDMAX) ADmAX  = ADOT( j } 

IMEI  I ) .0T.F.MAX)EMAX*E(  I ) 

IMF!  I ) .LT  .EMIN)FMIN»EI  I I 
I r ( F DOT ( I ) ,GT.EDMAX)EDMAX  = FOOT(  I ) 

IF  < EnOT  < I ) .LT.EDMlN)FnMlN  = FDf)TfI  ) 

IMaX=I 
1 = 1*1 
p.o  TO  J_ 

5,  C°^TlNU6 

HRlTE‘6.20>RMAX,RMIN,TlHE.i .1, IMAX 
2.  F0RMATI//2X.4E1475, 16//) 

WRITF(6,30)(R(J), J«l,  I MAX  > 

3 F0PMAT(2X'5El4-5) 

PUNCH  2 ',RMaX*RMIN,T!ME,U.1,!Max 

PUNCH  3 1, (r<j).j  = 1,IMAX) 


V-10 


2-1H-76 


15.35. 


53 

54 


r 

i 


i 


55 

56 

57 
5fl 
59 
6f 
61 
62 
63 
6 4 

65 

66 
67 


8 

69 


1 


71 


72 
' 3 


pUNCH  radar  data  FRQM  CqBR  A TALq^  TRAJECTqR'C  PRqGRAh 

WRITE ( 6.20 )RDMAX. RDM  IN. TIME, 0,1. IMAx 
WRITE(6<30)(RDOT(I).l*l.IMAX) 

PUNCH  2 '•RnH*X.RDMlNiTlME.L'.l.  1HAX 
PUNCH  31,<RD0T(J),J*i,IMaX) 
wr1tE<6,20)AMAX,AMIN(TihE,..1,IMAX 

WRITE(6,30)(A<J>.J*1,IHAx) 

PUNCH  2o,AmAX.AMI\I,TIME»U.3.1MAX 
PUNCH  31. ( A { J) , Jsl, IMAx) 

WRITE ( 6. 2C)ADMAX. ADMIN. TIME. O.l.IMAx 
WRITE (6. 30) ( ADOTI J), J«i. I Ha  X ) 

PUNCH  2 ADMAX,  ADmINi  TlN|E.  u . I.  ImAX 
PUNCH  3. , (aDOT<j>,j*i,imAx> 

WR ITE(6,20)EMAX. EMIN, TIME. L.l.IMAX 
WRITE(6.3q,(E(J>. JS1,  IM*X) 

PUNCH  2 .EmAx»EMIN. TIME. 0.1* IMAX 
Pu^cw  37,(e<J),J*l»IMAX) 
WRiTe<6.20)EDMaX.EDmIN.tImE.0,1. ImAX 
WR!TE(6.30)(EDOT(J),J*1,IMAx) 

PUNCH  2 .EnMAX.EDMINiTIME.t'-.i,  IMAX 
PUNCH  3 , <E0OT( J ) , Jsl , IMAx  ) 

STOP 

END 


V-ll 


10$: I DENT: CLEARY, C0NTI  ,o5121 
20$ : 0PTI 0N : F0RTRAN 
30$: SELECT: CLEARY/0CTPNCHC 
40$:  EXECUTE 

42$:LIMITS:05,  30K,, 12000 
45$:PRMFL:02,R/V,L, CLEARY/ST0RE1 
50$:  ENDJ0B 
6O***E0F 


,05121 l 04RADC 


Sample  Job  Stream  for  Program  to  Punch  Out 
Cobra  Talon  Plot  File 


V-12 


= 7647T,  ACTIVITY  * « 1,  REPORT  CODE  * 06.  *EcO*D  COUNT  * 000054 


. 5')575E 

i7 

. 47971E  *7 

.370006 

02 

0,100006 

0 0 

33 

. 5 .,5756 

j 7 

.5  > 1 3 9 E .7 

r .497416 

07 

C .49381E 

'J  7 

0 ,‘49  >60E 

07 

. 43740= 

,7 

. 4354QE  j7 

■ . 48342E 

07 

0,481856 

07 

0/48  71E 

07 

• 4^000- 

,7 

.47971E  j 7 

r .479856 

07 

0.48042E 

f:  7 

0.48142E 

87 

.44234? 

7 

.49466E  7 

.466936 

07 

0.48960E 

07 

1.492666 

87 

.496126 

.7 

.49997E  ,7 

■'.504206 

07 

. 735i 7c 

4 

- 

. 756846  4 

: .37300E 

02 

0 , 10000E 

0 

23 

• 

.75634" 

4 

_ 

.69=5166  4 

- .63189E 

04 

-0, 567146 

04 

- /5U102E 

04 

«■  ’ 

. 43^5". 

4 

.365196  4 

- .29578F 

04 

-0 , 22559E 

0 4 

-1/15481E 

04 

. 836?!= 

.3 

- 

.122.96  3 

.59229P 

03 

0,130506 

...  4 

0/201416 

04 

.271775 

4 

. 3 4 1 4 5 E .,4 

•41113E 

04 

0,477816 

0 4 

n , 54427E 

04 

. 6 j 9 4 0 6 

4 

.673/66  4 

.73517E 

04 

.229306 

3 

.191926  3 

' .378005 

02 

O.IOOOOE 

v.;  . 

23 

. 2 2 9 « 0 £ 

3 

.22613?  3 

. 22653E 

03 

0,224866 

*3 

. 2 2 3 1 7 E 

03 

.27145= 

3 

.217726  j 3 

. 21 798p 

03 

0,216216 

0 3 

2 1 4 4 4 E 

03 

.212*76 

3 

.21  89£  3 

r .209115 

03 

0,207336 
0 ,198566 

J 3 

.'205556 

03 

.2)379= 

3 

.2  2.46  3 

.,20  306 

03 

„3 

.196886 

03 

.17520= 

3 

.193556  3 

f .191926 

03 

- 

.26/44= 

- 

.2969-6  C 

' .378006 

02 

0.1Q000E 

r 

L 

23 

- 

.25744? 

_ 

.272,56  r 

- .276376 

O'j 

-0.23036E 

0 0 

/ 2 9 4 0 0 E 

Or 

- 

. 2 ) 7 54= 

- 

. 29  .56  “i 

- .29241E 

00 

-0.29429E 

CO 

.‘295686 

OC 

- 

, 2 9 6 3 5 = 

tr 

- 

.296966  0 

- .296725 

Q.' 

-0.29603E 

C'O 

- ,‘294816 

00 

- 

. 2-7J,  9 = 

■ 

- 

.29  39e  0 

- .283236 

00 

-0.28513E 

OC 

.201626 

OC 

.2  7775=. 

” 

.273546  .0 

- >.269036 

00 

. 8 )0?3t 

.645826-  1 

. 37800E 

02 

0 , 10000E 

J c 

23 

.645326- 

1 

.134956  ,0 

' .295906 

00 

0 , 39693E 

on 

C .48797E 

Or 

. 547  <9  = 

, ' 

.635996  0 

.693026 

0 0 

0,736186 

' .'771226 

OC 

. 7 3 1 76? 

r 

.3'  336  T 

. 796236 

0 0 

0,779716 

• I M 

1/75  856 

Or 

.7  j9«2r 

. 6 5 6 3 4 F 

.592196 

on 

0.51621E 

... ' 

0, 429286 

OC 

.35133= 

.224326  -0 

■'.127236 

oc 

. 2 Je?0^- 

i 

- 

.2  2866-  1 

.478006 

02 

0,100006 

j) 

23 

. 2 J 9 ? 0 ? ~ 

ii 

.192916-  1 

.170786-01 

0.15985E- 

-01 

.*142176- 

-01 

.12379?- 

i 

.1  4766-  1 

. .852326- 

-02 

0,652306- 
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,2 

•35469E-.3 

- -.  172026- 

-02 

-0,378536- 

-02 

-0/53293E 

-02 

- 
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. 99111E-  2 

-'.117296' 

-01 
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03-19-76  16.138  PUNCH  RADAR  DATA  FROM  ORB 1 T PREDjCTlON  PROGRAM 


1 

2 

3 

4 

5 

6 

7 

8 
9 

1C 

11 

12 

13 

14 

15 

16 

17 

18 
IV 
20 


CSP0R8  PUNCH  RADAR  DATA  FROM  ORfllT  PREDICTION  PROGRAM 
DIMENSION  R ( 150 0 J 
REHIND  2 

READ(r|2,ENnslOO)NSEC;iDT#NN 
40  RfcAD(c2»BND*100)(R<I)*I*l*NN> 

RMaX  a -1.0E*20 
RMIN  * 1 , 0 E ♦ 2 0 
DO  10  IS1.NN 

IF(RU  ) .GT.RMAX)RMAX»R(I  ) 

I F ( R ( J > «LT.RMIN)RMIN3RI  I > 

10  CONTINUE 

WRITE(6,20.'RMaX.RM1N,NSEC,  IdT.NN 
2U  F0RmAT(//2X,2Ei4;5,3I12/) 

PUNCH  20, RMAX, RMIN, NSEC. IDT.NN 
HR  I TE ( 6,30 ) ( R ( I ) , 1 al , NN ) 

30  F0RMAT(2X»5El4 .5) 

PUNgH  30;,(R(  I ) , 1*1, NN) 

GO  *0  40 
1?0  STOP 
END 
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0001  s SNUMB  20844 

0002  8 IOENT  ClEARY.CONTI  , 65l2ll04R*DC»DSSR 

0003  SS  USERIQ  ClEARY*##### 

0004  s option  fortran 

0005  AS  FORTRAN  DECK 

0006  IS  PRMFl.  C*,R/W.L,CLEARY/OPOrB 

0007  S INCODE  I3MF 

0008  At  EXECUTE 

0009  SS  PRMFL  !2, R/W» L, CLE ARY'STOREl 

0010  | ENDJOR 


Sample  Job  Stream  far  Program  to  Punch  Out 
Orbit  Prediction  Plot  File 
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ISNWH3  . 2084^. 

ACTIVITY 

# ■ 

02.  RE0ORT  CODE  • 06'  RECORD 

COUNT  s 

00007 

r'W'- 

« 

***  , 

o«226i9E 

u4 

0 ■ 92428E 

03 

0 

5 

108  ^ 

O',  203l2E 

j4 

0.1999XE 

04 

0 . 19671E 

04 

0.X9352E 

04 

0719  35E 

84 

9.18719E 

HVI7168E 

)4 

o , 18405E 

04 

0.18J93P 

04 

0 , 17783E 

04 

0717474E 

0,4 

u4 

" . 16863E 

04 

9.165616 

04 

0 , 16261E 

04 

0.159646 

64 

*7X56706 

j4 

C. 153706 

04 

07150906 

04 

0.14804E 

04 

C714523E 

04 

".X*244E 

0 4 

1 . 13970E 

04 

f .13700E 

04 

0.13434E 

04 

r 713172E 

04 

n-.X29i6E 

i)4 

".126656 

04 

0,124196 

04 

0.12179E 

04 

.119466 

04 

u*X17i9E 

o4 

•>.114996 

04 

0,112866 

04 

0.1X082E 

04 

0 710885E 

04 

9.X0698E 

0 4 

0.1J519E 

u4 

07103516 

04 

0,101926 

04 

07lJ> 44E 

04 

n.»9075E 

u3 

9.97824E 

03 

>•  , 96694E 

03 

0 , 95689E 

03 

.948126 

03 

0,'*4068E 

03 

J.93460E 

03 

.92990E 

03 

0.926616 

03 

0 .924736 

03 

0xJ2428E 

j3 

0.92526E 

03 

Ot92766E 

03 

0 i 93140E 

03 

C . 9 3 6 6 9 E 

03 

•’V*43?7F 

)3 

0 . 95119E 

j3 

0.969426 

03 

0.97093E 

03 

..‘98265E 

03 

1.995576 

,3 

.1J  96E 

U4 

0.102486 

U 4 

0.10409E 

04 

" 710581E 

04 

07107636 

>4 

1.11953E 

04 

.111516 

04 

0 . 11358E 

04 

P.11573E 

04 

•>.117946 

1 4 

".12  23E 

94 

9.122576 

04 

0.12498E 

J 4 

.12744E 

04 

0,129966 

J 4 

" . 132536 

04 

9.135146 

04 

0.13780E 

04 

0.14:  51E 

04 

1.1«325E 

) 4 

■>.146026 

i)4 

.148846 

04 

0 I l5l68E 

04 

•j,l5456E 

04 

o , X57466 

>4 

.16  4 OE 

0 4 

0 , 1 6 3 3 6 p 

04 

0,166346 

0.4 

7169346 

04 

f.X7237E 

j4 

. 17542E 

04 

9.178496 

04 

0,181576 

04 

0 . 18467E 

04 

' .X8779E 

)4 

.19  936 

04 

.9 . 194076 

04 

0,197246 

04 

■'  .20  4iE 

04 

>,203606 

■J4 

1.2-680E 

04 

0.21  016 

04 

0,213226 

0 4 

.216456 

04 

''.21969? 

./4 
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j4 

0,226196 

04 
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j3 
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00 

5 

108 

> 35253E 

i3 

1 . 353'jlE 

9 3 

0.35351E 

03 

0,354026 

0 3 

735455E 

03 

• .35509E 

)3 

J.35566E 

0 3 

356246 

03 

0.35664E 

J3 

.357476 

03 

f .358UE 

>3 

■> . 35878E 

03 

0.359476 

03 

0.19596E 

0? 

0794  896 

00 

<•  .X7183E 

Jl 

.251966 

01 

0.335546 

01 

0 , 422396 

01 

0.512716 

01 

1.806686 

01 

C . 7)446E 

01 

0 , 806286 

01 

0.91233E 

01 

C 710228E 

02 

('.113796 

>2 

. 12578E 

.9  2 

9.138296 

02 

0,151326 

>2 

0 7 1 6 4 9 1 E 

02 

1. 179066 

,2 

■> . 19382E 

o2 

>■.209186 

02 

0.22518E 

? 2 

.2«l32E 

02 

r.259i3E 

i2 

'.27710E 

02 

0.295756 

02 

0,3l5o7E 

02 

3.335056 

02 

'■735569? 

j2 

.37697E 

02 

0,398846 

02 

0,421296 

02 

>7444256 

02 

",467696 

j 2 

•>.491526 

02 

" , 515696 

02 

0,540126 

02 

C 756472E 

02 

, 58940E 

o2 

’.614J9E 

02 

0,638686 

02 

0 , 6 & 3 1 1 E 
0.77992E 

02 

0.697276 

02 

'■.JlllOE 

o2 

n.73453E 

.92 

r. 757486 

02 

02 

c 780178E 

02 

0X523046 

j2 

j .843676 

0 2 

C .863646 

02 

0.882946 

02 

0 79J157E 

02 

.919536 

j2 

•'  .93681E 

02 

0.953446 

02 

0.96941E 

02 

0 .984766 

02 

'’799949E 
n, 106466 

j2 

M9136E 

03 

07102726 

03 

0.10402E 

33 

07105276 

03 

j3 

" . 1 J 761E 

03 

0.108716 

03 

0.10977E 

u3 

0.11  79E 

63 

r 7X1176E 

•j3 

i .11270E 

03 

0.113606 

03 

0,1X4466 

03 

0 711529E 

03 

9.X1609E 

j3 

" .116866 

03 

0.11761E 

03 

3.118326 

03 

0.119016 

03 

r , X1968E 

j3 

'M2  32E 

03 

97120946 

03 

0,121546 

03 

0.122116 

03 

0,122676 

u3 

■>.  123216 

03 

0.12374E 

03 

0,124246 

03 

t>  7124736 

03 

"7X252 IE 

u3 

« .125676 

03 

0,-126126 

03 

0,126556 

03 

.126976 

03 

. 1,127386 

o3 

0.12778E 

03 

0.128176 

03 

0»X8756E 

02 

0.273456- 

■02 

C 

5 

108 

1,273456- 

• ) 2 

"> . 3l6o9E 

00 

< . 633806 

00 

0,956036 

00 

0 712829E 

01 

1 9f8X46E 
0.J3511E 

Jl 

C 7195136 

01 

07229326 

01 

0.264036 

01 

07299296 

01 

ol 

0.371516 

OX 

0.4C851E 

01 

0 , 44611E 

01 

1 748433E 

01 

1.523196 

ol 

" . 562696 

01 

0,602846 

01 

0 ,643666 

01 

0768513E 

01 

9, T2727E 

ol 

" . 77r  07E 

01 

0.813526 

01 

0.857606 

01 

0 790229E 

01 
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■ .94756E 

jl 

;,.99337E 

ul  - 

C.'ln397E 

'■'7l275?E 

02 

raiss-H- 

0O.1335E 

C»7l370lE 

02 

~7$i’8o'8E 

)2 

’ . 12282? 

•)2 

02 

02 

' , 1 4 1 6 7 F 
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0 , 1 5 i 7 4 £ 
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APPENDIX  A 

MULTIPLE  TRAJECTORY  PARAMETERS  AND  ANALYSES 

The  initial  conditions  at  burnout  are  inputted  to  the  computer 
program  via  NAMELIST  statement.  The  required  inputs  are  described 
in  Table  5 Table  6 describes  the  outputs  of  the  computer  program.  A 
Fortran  IV  listing  of  the  computer  program  follows. 

Resolution  curves  arc  generated  for  a radar  site  by  generating 
a nominal  trajectory  and  a trajectory  perturbed  from  the  nominal 
trajectory.  The  perturbation  to  the  nominal  trajectory  is  accomplished 
by  using  an  ejection  velocity  at  burnout.  Figure  1 delineates  the 
ejection  velocity  geometry  at  burnout. 


C 


30C  - plane  of  trajectory 

GDA  - plane  orthogonal  to  trajectory  plane 

In  the  resolution  analysis  an  inertial  ejection  velocity  of 
A. 33  ft/sec  at  burnout  was  chosen.  This  corresponds  to  a non-inertia! 
ejection  velocity  of  5 ft/sec  (A)  referenced  to  burnout  sub-point  on 
a rotating  earth.  The  ejection  velocity  was  applied  in  several  directions 
as  shown  in  Figures  ? and  3.  An  ejection  velocity  of  3.533  ft/sec 


for  A and  B was  used  to  maintain  the  ejection  velocity  capability 
(non-inertial  - 5 ft/sec)  at  the  4F  degree  angle  in  Figure  2. 

C 
/ T • 


B <r 


Plave  Boc- 


Figure  2 Ejection  Velocity  Geometry 

°lane  of  the  Trajectory  ( E DC ) 
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B <- 
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Figure  3 Ejection  Velocity  Geometry 

•Orthogonal  to  Trajectory  Plane  (AOB) 

The  following  velocity  references  for  the  velocity  perturbations  at 

burnout  were  used  in  the  computations: 

Velocity  Vector  A (orthogonal  plane  AOB)  - positive  when  ejected  to 

the  left  of  the  nominal 


Velocity  Vector  B (In-plane  BOC) 
Velocity  Vector  C (In-plane  BOC) 


trajectory 

positive  when  ejected  back- 
wards from  the  nominal 
trajectory 

positive  when  ejected  upwards 
from  the  nominal  trajectory 


A -2 


The  ejection  velocity  geometry  shown  in  Figures  2 and  3 was 
selected  as  being  representative  of  the  maximum  separations  that  could 
occur  considering  all  possible  directions  of  velocity  perturbation. 

During  the  course  of  this  analysis  and  subsequent  calculations, 
it  was  noticed  that  the  differences  observed  were  for  all  practical 
purposes,  linear  with  velocity  perturbation  up  to  approximately 
25  ft/sec  (at  ejection  velocities  of  100  ft/sec,  the  error  was  about 
10").  Functionally,  this  is  expressed  as  follows: 

s - ^ — s 

~>A  A V0  B 

where  difference  obtained  with  an  ejection  velocity  of  A 
Sg=  differences  obtained  with  an  ejection  velocity  of 

For  example,  given  the  resultant  differences  obtained  with  an 
ejection  velocity  of  1 ft/sec,  the  corresponding  difference  for 
5 ft/sec  would  be  r>  times  as  large. 

It  was  also  found  that  a velocity  ejection  equal  but  opposite 
in  direction  produced  similar  results,  i.e.,  the  corresponding 
observed  trajectory  differences  were  equal  but  opposite  in  sign,  (again 
valid  up  to  an  ejection  velocity  of  approximately  25  ft/sec).  This 
is  summarized  in  the  following  table: 


J 


r 

1 

IN  PLANE  (BOCJ 

ORTHOGONAL  PLANE  (AOB] 

SM4  = -SM5 

SM4  = -SMg 

I 

SM4C  = -SM5c 

sm6  = -sm7 

SM7c  ='sm9c 

SMg  = -SM10 

SM6c  = 'sm8c 

SMn  = -SMg 

Table  4 Negative  Relationships  of  Ejection  Velocities 


Where  "SM4"  denotes  the  separations  observed  in  the  M4  direction, 
that  in  the  M5  direction  and  so  on. 

Because  of  these  relationships  and  since  the  M4  and  M5  directions 
are  common  to  both  planes  only  7 curves,  instead  of  16  are  required  to 
specify  the  observed  differences  for  a velocity  of  a given  magnitude. 

It  follows  that  the  number  of  computations  required  to  determine  these 
differences  for  the  selected  directions  of  ejection  are  correspondingly 
reduced.  Observed  differences  in  range,  range  rate  and  angle  vs  time 
after  burnout  were  plotted. 

For  example:  the  following  set  of  perturbation  velocities  would 
give  the  resolution  requirements  for  all  the  cases  specified  in  Figures 
2 and  3 for  a non-inertial  ejection  velocity  capability  of  5 ft/sec. 
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M 


A 


B 


C 


4c 

0 

0 

5 

4 

0 

5 

0 

6c 

0 

3.533 

3.533 

7c 

0 

-3.533 

3.533 

6 

5 

0 

0 

8 

3.533 

3.533 

0 

11 

3.533 

-3.533 

0 

For  the  45°  angle  case  use  .7067  ft/sec  for  a 1 ft/sec  non- 
inertlal  capability,  7.067  ft/sec  for  the  10  ft/sec  case,  17.67  ft/sec 
for  the  25  ft/sec  case,  and  70.7125  ft/sec  for  the  100  ft/sec  case. 

Note  that  the  resultant  inertial  velocity  for  a fixed  non-ln- 
ertlal  velocity  is  a function  of  launch  azimuth  (direction),  launch 
angle  (reentry  angle)  and  launch  altitude  (burnout).  Once  the  non- 
inertial  velocity  was  selected,  the  launch  angle  and  launch  altitude 
were  not  varied  and  consequently,  the  final  inertial  velocity  was  a 
function  of  launch  azimuth  only.  This  relationship  Is  shown  In 
Figure  15.  The  inertial  ejection  velocity  for  a given  non-lnertlal 
ejection  velocity  is  also  a function  of  launch  azimuth  and  varies 
In  the  same  manner.  For  Instance,  If  the  launch  azimuth  were  about 
180*  Instead  of  225*,  the  Inertial  velocity  and  non-lnertlal  velocity 
would  be  about  equal,  and  If  the  launch  azimuth  were  about  90*,  the 
resultant  Inertial  velocity  would  be  larger  than  the  non-lnertlal 
velocity  and  approach  Its  maximum  value. 
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An  analysis  was  also  done  to  determine  the  Ejection  Velocity  Separation 
Errors.  For  all  practical  purposes,  observed  trajectory  differences  are 
directly  proportional  to  the  velocity  perturbation  and  that  velocity  per- 
turbations equal  in  magnitude,  but  opposite  in  direction,  produced  the  same 
observed  separations  in  correspondingly  opposite  directions.  These  are  re- 
ferred to  as  the  "linear"  and  "negative"  relationships  respectively,  and 
were  considered  valid  for  velocity  perturbations  up  to  approximately  25  ft/ 
sec.  They  are  expressed  as  follows: 

Linear  Relationships 

SA  = — — SB  where  SA  = difference  obtained  with  an  ejection 

A velocity  of  A V A 

Sg  = difference  obtained  with  an  ejection 
velocity  of  A / B 

Negative  Relationships  (refer  to  Figure  g ) 


IN  PLANE 


ORTHOGONAL  PLANE 


SM4 

= -SM5 

SM4 

= -SW5 

Sm4C 

= "SM5C 

SM6 

= 'SM7 

^70 

= ~ SM9C 

SM8 

= SM10 

SM6C 

= -SM8C 

SM1 1 

= ”SM9 

Where  Su 

14  denotes  the 

in  the  H 

U direction, 

direction,  and  so  on. 


In  this  section,  the  errors  involved  in  assuming  these  functional 
relationships  are  delineated,  and  are  based  on  comparison  of  actual 


trajectory  information. 
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The  data  used  for  this  purpose  was  generated  for  a variety  of  velocity 
perturbations  (ejections)  which  took  place  at  burnout  (approximately 
400,000  ft.  alt.)  on  a nominal  5500  NM  missile  trajectory. 

Trajectory  differences  in  range,  range  rate,  and  angle  vs  time  as 
observed  at  the  radar,  were  plotted  for  incremental  (non-inertial ) 
velocity  ejections  of  1,  5,  10,  25,  and  100  ft/sec.  Both  in-plane  and 
orthogonal-plane  perturbations  were  considered  in  the  directions  as  in- 
dicated in  Figure  8.  Initial  analysis  of  this  data  revealed  that  in 
making  these  assumptions  ("linear"  and  "negative"  relationships),  that 
in  general,  bodies  ejected  in  the  M = 5 direction  (Refer  to  Figure  8) 
produced  the  largest  observable  separations.  The  preceding  combination 
represents  worst  case  errors  for  the  application  considered,  and  the 
errors  discussed  in  this  section  are  derived  from  this  example.  Result- 
ing errors  associated  with  making  the  aforementioned  assumptions  would 
be  smaller  for  different  conditions,  i.e.  observation  from  a different 
radar  and/or  different  direction  of  velocity  ejection. 

Since  assumptions  of  the  "linear"  and  "negative"  relationships 
are  shown  valid  for  a rather  specific  application,  caution  must  be  exer- 
cised when  extending  these  assumptions  to  other  conditions  of  launch 
and  observation.  The  proof  here  is  emperical  rather  than  analytical, 
and  must  be  considered  as  such.  In  the  example  specified  (observation 
from  a specific  radar,  ejection  in  the  M = 5 direction),  the  errors  in 
assuming  that  the  observed  trajectory  differences  are  "linear"  with 
ejection  velocity  are  plotted  in  Figures  4 thru  7;  those  associated 


A 
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with  the  "negative”  relationships  are  plotted  in  Figures  11  thru  12. 

In  Table  7,  the  actual  computed  separations  In  range  (NM)  as 
observed  at  the  radar  for  velocity  perturbations  of  1 , 5,  10,  25  feet 
per  second  (FPS)  are  tabulated  for  three  minute  intervals,  (actual 
perturbations  took  place  at  t = 0,  but  were  not  observed  until  some  9 
minutes  later  because  of  line-of-site  limitations). 


t (min) 

1 FPS 

5 FPS 

10  FPS 

25  FPS 

9 

-.00431 

-.02151 

- .04295 

- .10683 

12 

.02301 

.11514 

.23043 

.57729 

15 

.07102 

.35522 

.71069 

1.77870 

18 

.13273 

.66375 

1.32781 

3.32183 

21 

.16711 

.88579 

1.67214 

4.18445 

24 

.13645 

.68282 

1.36701 

3.42774 

Table  7 Range  Separations  (NM) 

(M  = 5 direction) 

The  1 FPS  values  were  then  multiplied  by  5,  10,  25  and  the  5 FPS 
value  by  5 respectively.  Listed  in  Table  8 are  the  differences  between 
these  values  ( 1 FPS  X 5,  1 FPS  x 10,  1 FPS  X 25,  and  5 FPS  X 5)  and  the 
corresponding  values  in  Table  7 (5  FPS,  10  FPS,  25  FPS,  and  25  FPS). 

The  results  represent  the  maximum  differences  (error  in  NM)  between  the 
actual  values  and  those  which  would  be  obtained  by  assuming  the  linea«" 
relationship. 


V 


A -8 


t ( ml n ) !FPSx5  - 5FPS  lFPSxlO  - 1QFPS  !FPSx25  - 25FPS  5FPSx5  - 25FPS 


9 

.00003 

.00013 

.00089 

.00074 

12 

.00006 

.00029 

.00193 

.00161 

15 

.00011 

.00048 

.00317 

.00263 

18 

.00013 

.00055 

.00369 

.00307 

21 

.00022 

.00101 

.00663 

.00551 

24 

.00055 

.00246 

.01637 

.01364 

Table  8 Linear  Range  Separation  Errors  (NM)  M ■ 5) 

As  indicated  in  Table  8 the  maximum  error  occurs  when  the  1 FPS 
separation  is  multiplied  by  25  and  then  subtracted  from  the  actual  25  FPS 
separation  (t  * 24  min).  In  Table  7,  at  t-24,  the  value  of  1 FPS  Is  equal 
to  .13645  NM,  this  value  when  multiplied  by  25  and  subtracted  from  the 
corresponding  value  at  25  FPS  (3.42274)  is  equal  to  .01637  NM,  which  is 
about  100  ft.  The  actual  separation  at  this  time  is  roughly  20,000  ft. 
Thus,  the  100  ft.  represents  a worst  case  error  of  approximately  0.5%  and 
is  within  tolerable  limits. 

It  is  pointed  out  that  the  observed  separations  as  a function  of 
velocity  perturbations  were  determined  to  ascertain  the  range  resolution 
requirements  of  the  radar  system.  The  interest  in  resolving  targets  is 
for  the  purpose  of  obtaining  good  metric  data,  and  therefore  targets  must 
be  resolved  as  soon  as  possible  after  initial  detection.  For  the  parti- 
cular case  chosen  here,  the  time  of  initial  detection  is  about  9 minutes 
after  burnout,  and  the  target  swarm  would  be  within  the  radar  field-of- 
view  for  some  16  minutes  thereafter. 


Assuming  that  detected  targets  are  to  be  resolved  within  3 minutes 
after  initial  detection  (12  minutes  after  launch),  the  maximum  error 
(Table  8)  is  .00193  NM  (roughly  12  ft)  and  is  0.33%  of  the  total  range 
separation  which  is  .57729  NM  (3600  ft)  at  this  time. 

The  same  procedure  was  used  in  establishing  the  angle  errors. 

For  this  case  maximum  angle  errors  also  occurred  about  24  minutes  after 
launch,  and  were  about  0.3%  for  elevation  and  0.2%  azimuth.  Actual 
elevation  and  azimuth  errors  for  the  linear  relationship  are  plotted  in 
Figures  5 and  6.  In  these  figures,  the  1/5,  1/10,  etc.  represent  the  1 FPS 
multiplied  by  5,  the  1 FPS  by  10,  and  so  on. 

Range  rate  errors  associated  with  the  linear  relationship  were  de- 
termined by  the  same  method  and  are  shown  in  Figure  7.  The  largest  error 
calculated  in  this  manner  was  less  than  0.4  ft/sec  which  corresponds  to  the 
difference  between  the  25  FPS  value  and  the  1 FPS  value  multiplied  by  25; 
both  taken  at  t = 24  minutes.  At  this  time,  the  observed  range  rate 
separation  between  the  nominal  trajectory  and  the  one  perturbed  by  25  FPS 
was  approximately  50  ft/sec.  It  is  thus  seen  that  the  0.4  ft/sec  error  is 
rather  insignificant.  The  preceding  errors  are  summarized  in  the  table 
below: 


Observables 

Norn.  Traj. 

Difference 

(Non-perturbed) 

Error 

(Linear) 

% Error 

Range 

1200  NM 

20,000  ft 

100  ft. 

0.5% 

Range  Rate 

9000  ft/sec 

50  ft/sec 

0.4  ft/sec 

0.8% 

Elevation 

19  deg. 

0.3  deg 

0.001  deg 

0.3% 

Azimuth 

225  deg(true)  0.06  deg. 

0.0001  deg 

0.2% 

Table  9 

Error  Summary  Linear  Relationship 
LR,  M=5,  1FPSx25 

- 25  FPS 

, t-24) 
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The  errors  resulting  from  assuming  the  validity  of  the  negative  re 
lationship  was  found  by  taking  the  difference  between  equal  but 
oppositely  directed  velocity  perturbation,  i.e.  - SM5  , 

Sm6  " $M7  » etc.  (Refer  to  Figure  8).  The  errors  (in  range, 
range  rate  and  angle)  were  determined  for  a velocity  perturbation  of  25 
ft/sec  (worst  case).  If  the  resulting  error  here  can  be  tolerated,  then 
the  error  for  smaller  velocity  perturbations  would  also  be  acceptable. 
Illustrated  in  Table  10  are  the  range  errors  associated  with  assuming 
the  negative  relationship  for  a velocity  perturbation  of  25  ft/sec  at 
two  minute  intervals. 


Time (Min) 

^4  - 

SM5  SM6  - SM7 

SM8  - SM10  SM9 

' SM1 1 

10 

15 

13 

18 

10 

12 

24 

21 

31 

14 

14 

35 

32 

49 

17 

16 

43 

45 

74 

15 

K 

47 

61 

101 

7 

20 

63 

75 

132 

5 

22 

120 

82 

170 

32 

24 

208 

81 

215 

74 

Table  10 

Negative 

Range 

Errors  (feet)  LR.dV  = 25  ft/sec) 

It  is  thus  seen 

that  the  maximum  error  in  range  under 

these 

conditions  is 

215  ft. 

The  actual  range 

difference  between 

the  nomii 

trajectory  and  the  one  perturbed  by  25 

ft/sec  for  this  example  is 

approximately  10,000 

ft.  and  consequently,  an  error  of  25 

ft/sec  is 

considered  insignificant.  In  this  case  range  rate  error  is  about  1 ft/ 
sec  out  of  a 30  ft/sec  difference;  and  azimuth  and  elevation  errors 
are  practically  lost  in  the  noise.  All  these  errors  are  summarized 
in  the  table  below: 

Nominal  Difference  Error 

Observable  Traj.  Norn  - Pert. Neq. Error  % 


Range 

1200  NM 

10,000  ft. 

215  ft. 

2.2% 

Range 

Rate 

9000  ft/ 
sec 

30  ft/sec 

1 ft/ 
sec 

3.3% 

Elevation 

19  deg. 

0.3  deg 

0.002 

deg 

0.7% 

Azimuth 

255  deg 
(true) 

0.13  deg 

0.0005 

deg 

0.4% 

Table  11 

Error  Summary  - Negative  Relationship 

LR,  A\f  =25  ft/sec,  t = 24,  - SM1Q 

It  is  evident  from  Tables  9 and  11  that  the  errors  associated  with 
the  assumptions  of  both  the  linear  and  negative  relationships  are  with- 
in reasonable  limits  for  the  selected  (worst  case)  example. 

It  is  thus  concluded  that 

1.  the  differences  in  range,  range  rate,  and  angle,  as 
observed  by  this  radar  are  for  most  practical  purposes,  linear  with 
respect  to  ejection  velocities  up  to  25  ft/sec. 

2.  the  observed  differences  for  range,  range  rate  and 
angle  can  be  assumed  equal  in  magnitude  for  equal  but  opposite  velocity 
separations  also  up  to  approximately  25  ft/sec  (the  geometry  of 
ejection  is  illustrated  in  Figure  8). 
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At  velocity  perturbations  up  to  100  ft/sec,  most  of  the  errors 
discussed  in  the  example  here,  were  in  the  order  of  10%  of  the  actual 
observed  difference  between  the  nominal  trajectory  and  the  one  perturbed 
by  100  ft/sec.  It  was  thus  concluded  that  the  linear  and  negative  re- 
lationships were  not  valid  for  an  ejection  velocity  of  100  ft/sec,  but 
that  they  can  be  used  with  very  good  accuracy  for  velocity  perturbations 
up  to  approximately  25  ft/sec. 


gure  4.  LINEAR  ERROR -RANGE  DIFFERENCE 


WITH  EJECTION  VELOCITY  ( 06  - 2 2 5 ) 


M8-  M-l 


ERROR  IN  MC/SEC 

Figure  10,  RANGE  RATE  ERROR  RATE  IN  ASSUMING  NEGATIVE  RELATIONSHIPS  OF 
EJECTION  VELOCITIES  IN  TABLE  4 ( 0 G - 225  ) 


V*~M6-M7 


1 


Relationship  Between  Error  Curves  and  the  Square  of  the  Ejection 
Velocities. 

The  purpose  of  this  section  was  to  see  if  the  error  curves  are 
similar  for  ejection  velocities  of  1 , 10  and  25  FPS  for  the  M4  = 

M5  case.  There  is  a certain  error  in  assuming  that  the  radar  difference 
values  of  M4  are  equal  to  the  negative  of  the  difference  values  for  M5 
(i.e.  M4  - -M5  for  v = 1,  10  and  25  FPS).  In  comparing  these  values 
it  was  found  that  the  error  (i.e.  M4  - M5  ) is  a function  of  the 
ratio  of  the  square  of  the  ejection  velocities  as  Illustrated  in 
Figure  12.  This  error  can  be  expressed  as  follows: 

E10  = Ei  (-r )2=  100  E1 
e25  = E,  (— 2f-)2  = 625  E-j 

E*  = Eio  (-%)2  = 6-25  E10 

where  Ej , E1Q  and  E^5  are  errors  for  the  1,  10  and  25  FPS  ejection 
velocities  respectively.  Functionally,  the  above  equations  are  ex- 
pressed as  follows: 


where  E^  and  Eg  are  the  errors  for  the  A and  B ejection  velocities 
respectively.  The  actual  error  was  determined  by  taking  the  difference 
of  M4  and  M5  as  a function  of  time  for  ejection  velocities  of  1, 

10  and  25  FPS.  This  relationship  is  not  general  and  does  not  hold 
when  multiplying  the  5 FPS  values  by  5 to  obtain  the  25  FPS  separation 
values. 
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Conclusions 

The  preceding  pages  illustrate  that  the  differences  in  range, 
range  rate,  elevation  and  azimuth  as  seen  by  a radar  are  linear  with 
respect  to  ejection  velocity  up  to  approximately  25  FPS.  These  differ- 
ences can  be  expressed  as  follows: 

a.  If  one  wishes  to  determine  the  differences  at  an 
ejection  velocity  of  5 FPS,  one  simply  multiplies  the  value  of  the  radar 
difference  obtained  at  1 FPS  by  5.  Similarly,  for  the  values  at  10 
FPS,  multiply  by  10  and  for  the  values  at  25  FPS,  multiply  by  25. 

This  applies  to  range,  range  rate,  azimuth  and  elevation.  It  is  noted 
that  the  percentage  of  error  is  largest  when  one  obtains  the  radar 
separations  for  an  ejection  velocity  of  25  FPS  by  multiplying  the  1 
FPS  radar  difference  values  by  25,  but  even  in  this  case  the  errors 
are  within  reasonable  limits. 

b.  It  was  also  concluded  that  the  radar  differences  for 
range,  range  rate,  azimuth  and  elevation  are  equal  in  magnitude  for 
equal  but  opposite  velocity  separations  as  illustrated  in  Figure  9 
through  11.  That  is,  if  a body  was  ejected  in  the  M4  direction  with  a 
velocity  V,  not  to  exceed  25  FPS,  then  the  separations  as  seen  by  the 
radar  would  have  approximately  the  same  magnitude  as  that  seen  for  a 
body  ejected  in  the  M5  direction  with  an  ejection  velocity  V.  It  is 
noted  that  the  actual  values  are  the  negative  of  each  other.  For 
example,  if  at  some  time  T (arbitrarily  selected)  after  ejection,  one 
difference  as  seen  by  the  radar  (range,  range  rate,  azimuth  or  elevation) 
is  equal  to  a value  A for  the  M4  direction,  it  would  be  approximately 
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equal  to  minus  A for  the  M5  direction. 

This  Is  expressed  as  follows: 

M4  = -M5 
M6  = -M7 
M8  = -M10 
M9  * -Mil 

This  applies  to  all  other  directions  that  are  equal  and  opposite  to 
each  other. 
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2 3 4 5 6 (xIO'S  ) I F PS 

2 3 4 5 6 (xD'3)  IOFPS 

12.5  18  75  25  31.25  3 7.5  (xlo‘3  ) 25FPS 

RELATIONSHIP  BETWEEN  ERROR  CURVES  AND  THE  SQUARE  OF  THE  EJECTION  VELOCITIES 

{ DG-225) 


APPENDIX  B 


MISSILE  SURFACE  RANGE  COMPUTER  PROGRAM 

Given  missile  launch  and  impact  points  on  a spherical  earth  (i.e., 
co-latitudes  and  longitude  differences  in  degrees),  computer  program 
SURFACE  determines  the  missile  heading  angles  and  missile  surface  range 
in  degrees  and  nautical  miles. 

Figure  13  shows  the  geometry  of  the  situation.  The  following 
terminology  is  used  in  conjunction  with  Figure  13: 

A * co-latitude  of  launch 
B = co-latitude  of  impact 

D = longitude  difference  between  the  impact  and  launch  points 
S = missile  surface  range 

£ * missile  heading  angle  measured  clockwise  from  true  north 
for  the  case  when  £ is  greater  than  180  degrees 
C = missile  heading  angle  measured  clockwise  from  true  north 
for  the  case  when  @ is  less  than  180  degrees 


Figure  13  Missile  Surface  Range  Geometry 
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Applyin  g '^spherical  trigonometry  to  the  triangle  in  Figure  13  yields  the 
following  equations: 

S = arccos  (cos  B cos  A + sin  B sin  A cos  D)  (1) 

C = arcsin  (sin  B sin  D/sin  S)  (2) 

Q = 360°  - C (3) 

These  equations  have  been  programmed  for  the  RADC  GE645  time  sharing 
system.  The  required  inputs  to  the  program  are  shown  below. 


PROGRAM 

SYMBOL 


AL(J) 
B I ( J ) 
DL(J) 


UNITS 


degrees 

degrees 

degrees 


MATH 

SYMBOL 


MEANING 

Number  of  cases  to  be  run,  must  be 
greater  than  1 - the  first  case  could  be 
a test  case  to  insure  that  the  computer 
is  functioning  correctly. 

co-latitude  of  launch  point 

co-latitude  of  impact  point 

longitude  difference  between  launch  and 
impact  points 


Table  12  inputs  to  Surface  Range  Computer  Program 
Some  rules  of  thumb  were  observed  during  the  study  and  are  presented 
here.  For  a 5500  NM  trajectory,  an  increase  of  1 ft/sec  in  initial 
velocity  results  in  approximately  a 1 NM  increase  in  the  missile's 
surface  range.  To  keep  the  surface  range  roughly  constant  (5500  NM  case) 
when  increasing  the  launch  altitude  by  1000  ft,  decrease  the  initial 
velocity  by  1 ft/sec. 


00010 
00020 
00030 
00040 
00050 
00060 
00070 
00080 
00090 
00100 
00110 
00120 
00130 
00140 
00150 
00160 
00170 
00180 
00190 
00200 
00210 
00220 
00230 
00240 
00250 
00260 
00270 
00280 
00290 
00300 
00385 
00390 
00400 
00410 
00420 
00430 
00440 
00450 
00460 
00465 
00470 
00480 
00490 
005 0C 
0053.0 
00540 
00550 
00570 
00575 
00580 
00585 
00590 
00600 
00610 
00620 
00630 
00640 
00650 
00660 
00670 


* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 


PROGRAM  CALCULATES  SURFACE  RANGE  AND  MISSILE  HEADING 
ANGLE  ***  GIVEN  LAUNCH  AND  IMPACT  COORDINATES  IN  DEG. 
FOR  NONROTATING  EARTH 
INPUTS 

N * NUMBER  CASES#  MUST  BE  > 1 

CASE  1 IS  TEST  CASE  ***  ANSWERS  SURFACE  RANGE  IS 
52-6333333  DEG.  AND  BETA  = 277.2  DEG. 


ALCJ)  = COLATITUDE  OF  LAUNCH  POINT  IN  DEG. 

ALLCJ)  = LONGITUDE  OF  LAUNCH  POINT  IN  DEG. 

BICJ)  = COLATITUDE  OF  IMPACT  POINT  IN  DEG 

BII(J)  = LONGITUDE  OF  IMPACT  POINT  IN  DEG. 

DL(J)  = LONGITUDE  DIFFERENCE  IN  DEG. 


DIMENSION  ALC 10) ,BI C 10) * ALLC 1 0 ) * BI I C 1 0 > , DLC  1 0) 
DIMENSION  AL1C 10>,BI 1C 10),DL1C 10),C0SSC 10), SC  10) 
DIMENSION  SMC  1 0)  , SI  NCC  ID)  » CC  10), BET AC  10) 
DIMENSION  SDC10) 

DIMENSION  CDC10) 

DTR  = 1 . 74532925E-2 
RTD  = 57.2957795 
PI  = 3.14159265 


DATA  N/ 5/ 


DATA  ALC  1>,ALLC 1)/128.7,250.3/ 
DATA  BI ( 1)#BI I ( 1)/107. 55,306. 1/ 
DATA  DL( 1 ) / 55 . 8/ 

* 9 CASES  + CHECK  CASE 


NN  = N-  1 

DATA  ALC 2) ,BI C 2) , DLC 2) /42. 5, 34.25, 160*583333/ 

DATA  ALC  3) ,BI ( 3) ,DLC  3) /42. 5, 30.08  33333,  153.  183333/ 

DATA  ALC  4),BI(4), DLC  4) /42 • 0666667 , 34.25, 145. 58  3333/ 

DATA  ALC 5) ,BI C 5) , DLC 5) /42 . 066666 7, 30 .08 3333, 1 38.083333/ 

PRI  NT  40, C ALCM) ,BI C M ) , DLC M) ,M= 1 , 1 0 ) 

444  CONTINUE 

DO  5555  J= 1 , N 
AL1CJ)  = ALC  J) *DTK 
BI 1C  J)  = BI C J)*DTR 
DL1CJ)  = DLC  J) *DTR 

COSSCJ)  = COSCBI 1CJ))*C0SCAL1CJ))+SINCBI 1C J) )*SINC AL1 C J) >* 
K C0SCDL1CJ)) 

SCJ)  = ARCOSC  COSSC  J) > 

SDCJ)  = SCJ)*RTD 
SMC  J)  = SDC  J) *60 • 0 

SINCCJ)  = SINCBI 1CJ))*SINC  DL 1CJ))/SINCSCJ)) 

CCJ)  = ARSINCSINCC J) ) 

CDCJ)  = CCJ)*RTD 
PRINT  60, SDCJ) 

PRINT  70 » SMC  J) 

PRINT  75, CDCJ) 

BETACJ)  = C2.0*PI-CC J))*RTD 
PRINT  80, BETACJ) 

PRINT  90, J 

40  FORMATC 1H0,3CF10.5) ) 

60  FORMATC 1H0, "SURFACE  RANGE  = ",F 1 2 . 6, "DEG") 

70  FORMATC 1H0, "SURFACE  RANGE  = " ,F 1 2 . 6, "N.M. ") 

75  FORMATC 1H0, "CDCJ)  = ",F12.6) 

80  FORMATC 1H0, "MISSILE  HEADING  ANGLE  = ",F 12. 6, "DE6") 

90  FORMATC 1H-, 10X, "END  OF  CASE", 14) 

100  FORMATC 1H-) 

5555  CONTINUE 
STOP 

END  £-3 


I 


128.70000  107.55000  55.50000 

42.50000  34.25000  160-58333 

42-50000  30.08333  153.18333 

42.06667  34.25000  145.58333 

42.06667  30.08333  138.08333 

0 • 0 . 0 • 

o.  o.  o. 

0.  0.  0. 

0 . 0 . 0 . 

o.  o.  o. 

SURFACE  RANGE  = 52.642729DEG 

SURFACF  RANGE  = 3 1 58 . 5637 5 1 N .M . 

CDCJ)  = 82.790693 

MISSILE  HEADING  ANGLE  = 277.209293DEG 

END  OF  CASE  I 

SURFACF  RANGE  = 7S.473641DEG 

SURFACE  RANGE  = 4528 • 4 1 8457N . M . 

CDCJ)  = 11.143965 

MISSILE  HEADING  ANGLE  = 348 . 8 56026DEG 

END  OF  CASE  2 

SURFACE  RANGE  = 70-382569DEG 

SURFACE  RANGE  = 4222 .9  54  1 02N  .'M  . 

CDCJ)  = 13.890757 

MISSILE  HEADING  ANGLE  = 346. 109234DEG 

END  OF  CASE  '3 

SURFACE  RANGE  = 72.388386DEG 

SURFACE  RANGE  = 4343 . 303 1 0 1 N . M - 

CDCJ)  = 19.496184 

MISSILE  HEADING  ANGLE  = 340 . 5033 1 1 DEG 

END  OF  CASE  4 
H-4 
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SURFACE  RANGE  = 66.R92219DEG 

SURFACE  RANGE  = 40 1 3 • 533 1 1 2N . M. 

CD(J)  = 2 t • 350734 

MISSILE  HEADING  ANGLE  = 338 • 649 2 58 DEG 

END  OF  CASE  5 
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APPENDIX  C 


Initial  Missile  Velocity  Computer  Program  and  Effects  of  Earth's 
Rotation  on  a Missile's  Initial  Inertial  Velocity  and  Surface  Range 
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A.  Program  Rotate 

The  following  equation  determines  a missile's  inertial  velocity: 

VI  = VO  + Vo  a '^J  Y 

(4) 

VI  = missile's  initial  inertial  velocity  at  burnout 
VO  = Missile's  initial  velocity  relative  to  burnout,  rotation  of 
earth  is  not  considered  when  VO  is  determined* 

= missile  heading  angle  measured  clockwise  from  north 
Y = missile's  reentry  angle  measured  from  the  vertical 
RE  = earth's  radius 
HX  = missile's  altitude  at  burnout 

R = RE  + HX,  geocentric  radius  to  the  missile  at  burnout 
w = earth's  rotation  rate 
9 = launch  latitude  of  the  missile 
With  a missile  heading  angle  of  180°,  a 6020  NM  missile  surface 
range  capability  was  assumed.  A shorter  surface  range  missile  cap- 
ability of  3890  NM  was  also  investigated.  Figure  14  shows  dependence 
of  the  missile's  surface  range  on  the  missile  heading  angle  $ . It 

is  readily  seen  that  a change  of  130°  in  @ corresponds  to  a change 
in  the  missile  surface  range  of  1370  NM  for  the  long  range  case  and 
540  NM  for  the  short  range  case.  In  Figure  15  the  dependence  of  the 
missile's  initial  inertial  velocity  (VI)  on  the  missile  heading  angle 
Q is  shown.  For  the  long  range  case  a change  in  ^ of  130° 

corresponds  to  a change  of  1900  ft/sec  and  a change  of  2000  ft/sec 
*See  Section  VB  "Initial  Missile  Velocity  Program" 
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in  the  short  range  case.  Thus  the  rotation  of  the  earth  has  a 
definite  effect  on  the  initial  conditions  required  to  impact  in  a 
specific  target  area. 

One  way  to  zero  in  on  the  impact  area  is  to  rotate  the  earth 
backwards  and  pick  a new  VO  as  the  initial  velocity  input  to  the 
missile  trajectory  program.  To  that  end  the  rotation  of  the  earth 
[<js  ) in  equation  4 was  replaced  by  - a/  and  programmed  for  the 
RADC  GE  645  time-sharing  system.  This  proved  to  be  very  useful  in 
zeroing  in  on  the  impact  point  for  the  case  where  atmospheric  drag  is 
not  considered  or  for  short  range  (1000  NM  surface  range  or  less) 
trajectories  when  the  atmosphere  is  used.  For  longer  range  surface 
ranges,  when  atmospheric  drag  is  considered,  it  is  better  to  use 
the  original  value  of  VO  calculated  with  the  "Initial  Missile 
Velocity  Program". 

The  following  table  delineates  the  inputs  required  by  computer 


program 

rotate. 

INPUTS 

Program 

Symbol 

Units 

Math 

Symbol 

Meaning 

G 

DEG 

y 

Missile  reentry  angle  measured  from 
vertical 

B 

DEG 

e 

Missile  heading  angle  measured  clock 
wise  from  North 

T 

DEG 

9 

Launch  latitude  of  the  missile 

VO 

FT/MIN 

VO 

Missile's  initial  velocity  relative 
to  burnout 

HX 

VT 

HX 

Missile's  altitude  at  burnout 

Table  l?  Inputs  to  Program  Rotate 
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Some  rules  of  thumb  were  observed  during  the  study  and 


are  presented  here.  For  a 5500  NM  trajectory,  an  increase  of  1 ft/sec 
in  initial  velocity  results  in  approximately  a 1 NM  increase  in  the 
missile's  surface  range.  To  keep  the  surface  range  roughly  constant 
(5500  NM  case)  when  increasing  the  launch  altitude  by  1000  ft.,  de- 
crease the  initial  velocity  by  1 ft/sec. 


C-4 


MINIMUM 

ENERGY 

HX  - 400,000  ft. 

Surface  Range 
NM  CA  (Deq) 

GAM 

(Deg} 

V9 

(Ft/Mln) 

V9 

(Ft/Sec) 

100 

1.66482 

61.95 

191,774 

3,196.23 

200 

3.32964 

54.85 

311,846 

5,197.44 

300 

4.99446 

52.4 

399,722 

6,662.04 

400 

6.65928 

51.3 

470,770 

7,846.16 

500 

8.32410 

50.8 

531,212 

8,853.53 

600 

9.98892 

50.6 

584,202 

9,736.69 

700 

11.6537 

50.55 

631,582 

10,526.4 

800 

13.3186 

50.6 

674,538 

11,242.3 

900 

14.9834 

50.8 

713,886 

11,898.1 

1000 

16.6482 

51.0 

750,216 

12,503.6 

1500 

24.9723 

52.5 

899,163 

14,986.1 

2000 

33.2964 

54.2 

1,011,828 

16,863.8 

2500 

41.6205 

56.1 

1,101,326 

18,355.4 

3000 

49.9446 

58.1 

1,174,466 

19,574.4 

3500 

58.2687 

60.1 

1,235,337 

20,588.9 

4000 

66.5928 

62.1 

1,286,623 

21,443.7 

4500 

74.9169 

64.1 

1,330,193 

22,169.9 

5000 

83.2410 

66.1 

1,367,403 

22,790.1 

5500 

91.5651 

68.15 

1 ,399,266 

23,321.1 

6000 

99.8892 

70.2 

1,426,555 

23,775.9 

6500 

108.213 

72.25 

1,449,876 

24,164.6 

7000 

116.537 

74.3 

1,469,698 

24,495.0 

7500 

124.862 

76.35 

1,486,400 

24,773.3 

8000 

133.186 

78.4 

1,500,274 

25,004.6 

8500 

141.510 

80.5 

1,511,558 

25,192.6 

9000 

149.834 

82.5 

1,520,432 

25,340.5 

9500 

158.158 

84.6 

1,527,034 

25,450.6 

10000 

166.482 

86.65 

1,531,466 

25,524.4 

Table  14  Surface  Range  vs  Reentry  Angle  A Initial  Non-inertlal 

Velocity  Data 
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VO  = 23,800  FT/SEC  (L  R VELOCITY  ) 


SURFACE  RANGE  VS  MISSILE  HEADING  ANGLE  (FOR  S RANGE  LR  VELOCITIES) 


R VELOCITY 
23,8  00  FT/SEC 


VI  Ft/S#e  X 1000 

Figure  15.  Inertial  Velocity  VS  Missile  Heading  Angle  l For  Non-lnertiol  Burnout  SR  And 
LR  Velocities 


00010 

* 

PROGRAM  ROTATE 

00020 

DTR  = . 174532925E-1 

00030 

RTD  = .572957795E2 

00040 

G = 68.0 

00050 

B * 225*0 

00060 

PRINT  80, B 

00070 

T =»  41.28333333 

00080 

GAM  a G*DTR 

00090 

BETA  = B*DTR 

00100 

VO  = . 1 42 1 98E7 

001  lb 

VS  = V0/60.0 

00120 

PRINT  110, VS 

00130 

W = .437  52 69 048  E- 2 

00140 

THEO  “T*DTR 

00150 

HX  = 0.0 

00160 

PRINT  90, G,HX 

00170 

PRINT  100,7 

00180 

RE  = 2.092364E7 

00190 

R = RE+HX 

00200 

SG  = SINtGAM) 

00210 

CG  = COS( GAM) 

00220 

SB  = SI  NC  BETA) 

00230 

CB  = COS< BETA) 

00240 

CT  = CO St THEO) 

00250 

DNOM  a R*CT 

00260 

FLDO  a VO*SG*SB/DNOM-W 

00270 

WF  = W/FLDO 

00280 

F a c i .O-WF) **2 

00290 

FAC  = CB**2+F*SB**2 

00300 

SO  a SORTt  CG**2+F AC*SG**2) 

00310 

VI  = VO*SQ 

00320 

VIS  = VI/60.0 

00330 

PRINT  10, VO 

00340 

PRINT  20, VI 

00350 

PRINT  40, VIS 

00360 

10 

FORMATt 1H0,"INITI AL  VELOCITY  f NONROTATING  EARTH) 

00370 

* 

E16.8»"FT/MIN") 

00380 

20 

FORMATt 1H0, "INITIAL  VELOCITY  fROTATING  EARTH  ) 

00390 

« 

El  6.8, "FT/MI N" ) 

00400 

40 

FORMATt 1H0, "INITIAL  VELOCITY  fROTATING  EARTH) 

00410 

1 

" , E 1 6 • 8 , "FT/ SEC" ) 

00420 

30 

FORMATt 1H-, "TO  OBTAIN  SAME  SURFACE  RANGE,  EARTH 

00430 

e 

ROTATE  BACKWARDS") 

00440 

50 

FORMATt 1H  , 5tE16«8) ) 

004  50 

60 

00460 

70 

FORMATt 1H  , 5f  E16.8) ) 

00470 

80 

FORMATt 1H0, "BETA  a ",F10.6,"DEG.") 

00480 

90 

FORMATt  1H  , "GAM  a ••, F 10. 6,  "DEG",  3X,"HX  a ",E12.5, 

00490 

100 

FORMATt 1H  , "LAUNCH  LATITUDE  = ",F14.8,"DEG") 

00500 

110 

FORMATt 1H  ,"VOS  = ",  El  6 . 8, "FT/SEC") 

00510 

STOP 

00  520 

END 

VO  = " 
VI  = ’• 
VIS  = 
WAS 

"FEET") 
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Bfc.1  A = 225*  000  000  DEG  • 

VOS  = 0 • 23699 667E+05FT/ SEC 

GAM  = 68 • OOOOOODEG  HX  = 0.  FEET 

LAUNCH  LATITUDE  = 41 .28333330DEG 


TI 

AL 

VELOCITY 

(NONROTATING  EARTH) 

VO  = 

0 

TI 

AL 

VELOCITY 

(ROTATING 

EARTH  ) 

VI  = 

0 

TI 

AL 

VELOCITY 

(ROTATING 

EARTH) 

VIS  = 

c-io 


. 14219800E+07FT/MI  N 
. 1 46478 55E+07 FT/M  IN 

0.2441 3092E+05FT/ SEC 


B.  Initial  Missile  Velocity  Program 

Given  the  missile  surface  range  and  altitude  at  burnout,  the 
earth's  central  angle  is  computed  by  program  VEL.  The  inertial 
velocity  of  the  missile  at  burnout  Is  computed  as  a function  of 
reentry  angle  over  a selected  range  of  reentry  angles.  Plotting 
the  Inertial  velocity,  VO,  as  a function  of  the  reentry  angle,  Y, 
enables  one  to  pick  VO  and  Y for  the  minimum  energy  trajectory. 
That  Is,  the  smallest  value  of  VO  Is  picked  that  will  propel  the 
missile  the  desired  surface  range.  The  equations  for  this  com- 
puter program  were  developed  by  Mr.  George  A.  Ellis  of  RADC/OCD. 


Figure  17  shows  the  geometry  of  the  situation.  The  following 
terminology  Is  used  in  conjunction  with  Figure  17. 

Y ■ missile  reentry  angle  measured  from  the  vertical 

r * geocentric  range  to  missile  at  burnout  - R + h 

h ■ missile  altitude  at  burnout 

CA  * missile  surface  range  from  burnout  - i.e.  earth's 
central  angle 

r a geocentric  range  to  missile  at  time  t 
v « missile  velocity  at  burnout 
R * earth  radius 


/°  ■ earth's  gravitational  constant 


* See  Volume  I,  Part  2,  Appendix  E 
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MISSILE  TRAJECTORY 


Thus  the  velocity  relative  to  burnout  is 


M I"  ot*' 

(49) 

at  - p' 

where 

r 7 3 R + h 

(50) 

This  is  not  an  inertial  velocity,  it  represents  missile  capability 
referenced  to  burnout  at  the  launch  point  on  a non-rotating  earth. 
Depending  on  the  missile  heading  angle,  the  rotation  of  the  earth 
adds  to  or  subtracts  from  v to  determine  the  missile's  inertial 
velocity. 
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Figure  18  shows  the  corresponding  reentry  angles  and  velocities  for 
minimum  energy  trajectories  for  various  surface  ranges.  The  initial 
altitude  at  burnout  was  taken  to  be  400,000  feet.  This  is  a 
realistic  burnout  altitude  for  surface  ranges  over  600  NM.  For 
surface  ranges,  less  than  600  NM.  a realistic  initial  altitude  at 
burnout  is  300,000  feet. 

Equation  49  has  been  programmed  for  the  RADC  GE  645  time  sharing 
system  by  Mr.  Windsor  S.  Thomas,  RADC/OCSP. 

The  table  delineates  the  inputs  required  for  computer  program 


INPUTS 


Program  Math 

Symbol  Units  Symbol 


Meaning 


Missile  altitude  at  burnout 

Number  of  Surface  Range  to 
be  run 


S( I)  NM 


Missile  surface  range 


Table  15  Inputs  to  Initial  Missile  Velocity 
Program 
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00010  REM  PROGRAM  VEL 

00020  DIM  SC  10) » AC  10) >CC 10) 

00030  READ  H 

0 0040  LET  K 1 = 6.08028E3 

00050  PRIMT  "CALCULATION  OF  INITIAL  VEL.  OF  MISSILE  USING  SPHERICAL" 
00060  LET  R2  = 2.092564E7 
00070  LET  R 1 = R2  + H 

00080  PR I NT"EARTH  MODEL  OF  RADIUS  ="JR2 

00090  READ  K5 

00100  FOR  I = 1 TO  K5 

00110  READ  SC  I ) 

00120  LET  R = .01 7453293 

00130  PRINT 

0 01  AO  PRINT 

00150  PRINT  "SURFACE  RANGE  = "J SC  I ) J "N.M  ." 

00160  PRINT  "INITIAL  LAUNCH  ALTITUDE  HX  = "JHl"  FEET" 

00170  PRINT  "LAUNCH  POINT  =".' R 1 J "FEET" 

00180  LET  G 1 = 1 . 407639E 1 6 
00190  LET  AC  I ) = SCI) *K 1 /R2 
00200  LET  A1=AC I )/R 

00210  PRI NT"CENTRAL  ANGLE  CA  ="J A1 J "DEGREES" 

00220  PRINT  "RE-ENTRC", "INITIAL  VEL ."."INITI AL  VEL.". "I NI TI AL  VEL." 
00230  PRINT  "ANGLE  C DEG .)", "C FEET/M I N. )"," C FEET/ SEC. )". "C N . M ./ SEC .) " 
00240  PRINT  "GAM" 

00250  FOR  B = 80  TO  81  STEP  .1 
00260  LET  B 1 = B*R 

00270  LET  X = COSCACI)) 

00280  LET  N=  1 - X 

0O2-*0  LET  7 = SINCB1) 

00300  LET  CC I ) = ACI)-B1 

00310  LET  Z = SINCCC I ) ) 

00320  LET  U = R1/P2 

00330  LET  v=cu*r+Z)*r 

00340  LET  W = Gl/Rl 

00350  LET  W1  = CW*N)/V 

00360  LET  W2  = SQRCW1) 

00370  LFT  W 3 = W2/K1 
00380  PRINT  B,W2*60.W2,W3 
00390  NEXT  B 

00400  NEXT  I 
00420  REM  INPUTS 

00430  REM  4 = INITIAL  ALTITUDE  IN  FEET  OBTAINED  FROM  I CBM  DATA 
00440  DATA  4E5 

00460  REM  K5  = NUMBER  OF  SURFACE  RANGES  TO  BE  RUN  - K5  > 1 
00470  DATA  1 

00490  RFM  SCI)  = SURFACE  RANGE  IN  N.M. 

00500  DATA  8500 
00530  END 
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READ  r 
tBASI C 


06/10/69  13: 

39 

CALCULATION  OF 

INITIAL  VEL.  OF 

MISSILE  USING  SPHERICAL 

EARTH  MODEL  OF 

RADIUS  = 20925640 

SURFACE  RANGE  = 

8500  N.M. 

I NI TI AL  LAUNCH 

ALTITUDE  HX  = 

400000 

FEET 

LAUNCH  POINT  = 

21325640  FEET 

CENTRAL  ANGLE 

CA  = 141 .510  DEGREES 

R E- ENTRY 

INITIAL  VEL.  I 

NI T I AL  VEL. 

INITIAL  VEL 

ANGLE  C DEG . ) 

(FEET/MI N. ) C 

FEET/SEC. > 

(N.M. /SEC. ) 

GAM 

no 

1511611. 

25193.5 

4. 14348 

SO-  1 

1511591. 

25193.2 

4. 14342 

80.2 

151 1575. 

25192.9 

4.  14338 

80.3 

151 1565. 

25192.7 

4. 14335 

80.  A 

151 1559. 

25192.7 

4.  14334 

80. 5000 

151 1558. 

25192.6 

4.  14333 

80.6000 

1511562. 

25192.7 

4. 14334 

80. 7000 

151 1570. 

25192.8 

4. 14337 

80.8000 

1511583. 

25193.1 

4. 14340 

80.9000 

1511601. 

25193.4 

4. 14345 

8 1.0000 

151 1624. 

25193.7 

4.  14351 
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APPENDIX  D 


Radar  Llne-of-SIght  Limitations 


Figure  19  Missile  Radar  Geometry 


Where  R1  * earth  radius  * 3440  NM 

9 3 earth  central  angle  from  radar  to  missile 
r * geocentric  distance  to  the  missile 
S 3 surface  range  from  radar  to  missile  sub-point 
R * radar  slant  range 
E « radar  elevation  angle 
1NM  3 60  degrees  ■ 6080  feet 


(51) 


Using  the  law  of  cosines 
( R 1 + H)Z  - R2  + Rl2  - 2«R«R1  cos  (90°  + E) 

(R 1 + H)2  = R2  ♦ Rl2  + 2.R.R1  sin  E 
R2  + R (2.R1  sin  E)  + /?  1 -(#1  % 2-  'R 1’  H + H *)  = 0 (52) 

R2  + R (2.R1  sin  E)  - 2.R1.H  - H2  « 0 
A a 1 

B = 2.Rl«sin  E 
C - -2 «R 1 «H  - H2 

R . (53) 

1-A 

Applying  the  law  of  cosines  again 

R2  * (Rl  + H)2  + Rl2  . 2«R1#  (Rl  + H)  COS  6 (54) 

9 * cos"  L J (55) 

The  surface  range  Is  given  by 

S = Rl  « 6 (56) 

2.  The  attached  computer  program  reads  In  12  values  of  the  elevation 
angle  E(M)  (in  degrees)  from  data  cards.  Next  9 values  of  altitude 
HI (N ) (in  feet)  are  read  into  the  computer  via  data  cards. 

3.  The  output  of  the  computer  program  Is  such  that  each  page  contains 
1 elevation  angle  for  9 altitudes.  The  slant  range  (R  In  NM),  surface 
range  (S  in  NM),  earth  angle  (9  = T in  degrees)  and  cos  (T  « 0)  (in 
degrees)  are  outputs  for  each  altitude. 

4.  Printouts  of  the  computer  program  and  a set  of  plotted  curves  are 
attached. 
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ELEVATION  ANGLE (DEG  ) 


SURFACE  RANGE  IN  KM. 

FIGURE  20.  RADAR  LINE-OF-  SITE  LIMITATIONS 


0439  01  14"li*68 


UiMtNilON  t<20).fcl<40),H<40>.H(40U).C(400).U(400>|Tl(400),T4<400>, 
lT3(400).T4(40U).T3(4UO)«P4(400>,S4<400) 


3 

DJ^fcNblUN  h1(4U) 

4 

Rl  : 344Q. 0 

3 

F = 6030. 0 

0 

F 4 = 1.644/t-4 

/ 

U - 3/.  4937/9313 

8 

04  = 0.01/433493 

9 

100 

RtAl)(3,3>  <t<M>  ,9=1,14) 

1 U 

400 

StAU  (3,13)  (Ml CN) ,N=1 , 9) 

11 

3 

F UP9A 1 ( 6) 3 . 1/6Y  3 . 1 ) 

1 4 

1J 

F UP9A 1 ( 1*1, 16H  tLtVAUUN  A^ULt  =,FlU,4,3H  UtG, 

1 3 

13 

F UP9A 1 ( 3hl4 . 4/4tl4 • 4 ) 

i 4 

OU  300  (1  * 1.14 

13 

wH 1 ft (6, 10 ) t(M) 

1 9 

OU  40  0 N S 1*9 

1 / 

1 : N 

18 

tl(9)st(M)  #U4 

19 

M l N ) = rtl(N)  * ) 4 

r J 

WK l ffc ( 6 , 40 ) HI  ( N ) 

41 

*!) 

F OPpA 1 ( lho . 14h  ALTITUUt  = ,tl4.4,3H  Fbbt) 

44 

» K II b ( 8 , 3 0 > H ( N ) 

4 3 

30 

F U P 9 A 1 ( 1 * ,14*  AtrilUut  = , t 1 4 . 4 , 3*  N.M.J 

4 4 

3(1)  = 4.0»Hl*8l.N(fcl(M)  ) 

C { I ) - -2,l)*Pl»M(  N)-*(N}»»2 
Q(  I ) = bUPT (3 ( 1 ) «*2-4 . U»U ( J ) ) 

< * 

T 1 ( I ) =(K1*M(!Y)  )*»4  *P  l <**2 

c b 

T 4 ( I ) = 4 . 0»Hl» ( Kl*H( \ ) ) 

iY 

R4 ( I > = ( -3 ( I ) *U<  I ) ) * J . 3 

30 

T3  ( 1 ) = (-K4(  1 )**2«T1( 1 ) )/T4« 1 > 

31 

T4(  I ) : APCU5 ( T 3 ( I ) ) 

34 

T 3 ( I J = 1 4 ( L 1 * U 

33 

54(1)  sMl*l 4 ( 1 ) 

34 

■'Pi  r fc ( d , 2o ) 
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0 . 63  7 9t  01  N . H , 


3 L A A<  • OAi\jt  , * , ) 

53.*7o 


bUHK  ACt  H a f4 c t ( N , H , ) 
37.049 


tAHTH  ANliUt  t lUtG) 
0 . 964 


ACM  Mott  = 
A l J->t  A 


O.bOOOt  03  (■  tt  T 
0 . 6 * * 4 e 01  N.iO, 


3LAN  ■ 


h* V Jt  (4.4.) 

/ 1 . 66<r 


SuH^  ACt  Ha .4  lit  ( t4 , M , ) 
71,073 


CAKTH  AMGLt  1 (UtG) 
1,104 


At  T i 7 UUt  = 
Al  T 1 T UUt  a 


O.lUUut  06  T 1 1 I 
0 . 1 6 4 3 1 0 2 N . M , 


3l4''  I HA'\jt  l 4 , M , ) 
14  4 , U90 


buH,' ACt  Ha  «Ut  < 74 . M . ) 
141 . 764 


AcTITuut  - 
AcTiruut  = 


0 . 2U0Ufc  06  T tt 1 
0 . 4 2 0 9 1 02  N.M. 


3lAN  f HANjfc  ( <4  , M , ) 
t4  7 . 03 / 


bUHf  ACt  «A  »Ufc  ( N . M . ) 
2 4 4 , / 0 7 


tAHlH  A A,  (j  L fc  I ( UbG  ) 
2.19b 


tAHTn  ANUCfc  I ( UbG ) 
4,902 


A U 1 1 T u U t = 
AcMTUUt  a 


0 . 4 (lout  06  ► tt  | 
0 . 4944b  02  N , M , 


3L»M  h a \ 3 1 < N . M , ) 

4*3. 060 


5 U H A ACt  H A 'VUt  (N.M.) 

420,930 


Act  i Tout  I 

At  T J T UUt  - 


0. 4000b  06  ►tt! 
U . 65  79b  02  N.M. 


HA,\  jt  ( 4,  M.  ) 
405 . 009 


bUH>  ACt  HA'tbb  ( Al , M , ) 
497 . 160 


tAHlH  A MCL  fc  T (UtG) 
5,445 


tAHTH  ANGct  1 UlfcG) 
6.615 


C0b( T ) 

0.99999009 


COb(  1 ) 

0 . 99996194 


COb( T) 

0 . 9VV91754 


C<7b(  D 

0.99965060 


CU6<  T } 

0.99970656 


CUb  ( 1 > 

0 . 99926051 


UOb<  T ) 

0,99/60144 


COb( T) 

0,99565109 


coon ) 

0 , 99444249 


D-ll 


ttfc  V AT  1 UN  ANGLE 


/ . UOUO  UtG 


r 


AL  JUt  = O.lUQOt  U5  F tfc  T 

AL  VJUfc  = 0.1646t  01  N.M. 


SLaNI  Ft  a N 3t  (N, 
l 3 .288 

M,  ) 

SuNh  ACt 

FI  A N u t (N.M,) 
13.179 

t AK  1 H 

ANCLE  < (UtG) 
0,220 

C'G5  { 1 ) 

U . 99999266 

ALT 1 TUUfc  = U 

ALT l TUUt  : 0 

. 2 U 0 0 1 
. 62B9t 

U6  F tt  I 
U 1 N , M , 

SLANI  W AN  it  (N. 

26  . 106 

M,  ) 

ACt 

FT  A N G t l N . 14  . ) 
26 . 964 

t ah  1 H 

ANGLt  1 l UtG ) 
0.462 

CU6(  I ) 

U. 99997152 

ALTlTUUt  = 0 

ALTlTUUt  = U 

. 60Ubt 
. 4964t 

U 5 F tt  I 
U 1 N . “1  , 

SL AN  1 K a iVi  t ( N , 
66  , U 1 

M , ) 

StlK).  ACt 

*Ta  ‘JUt  l N . M , ) 
3« , 3bl 

t A 8 ! H 

A N G L t l (UtG) 
0.669 

C U 3 ( 1 ) 

U . 99996  7 76 

ALT  i TUUt  = U 

*L  T l Tout  = U 

. 4GUUt 
•65/9t 

u 6 y tt  i 
u 1 N . 8 . 

SLAM  HuNjc  IN. 

50,969 

M.  ) 

8u6y  ACt 

FTANGt  l N , M , ) 
50.464 

t AK  1 H 

ANGLt  1 (UtG) 
U . 84  1 

CU5 ( 1 ) 

U , 99989240 

ALTlTUUt  = 0 

A'  'uUt  = U 

. 6b UUt 
. 8224t 

u6  y tt  1 
U 1 N , N . 

SLA'.i  NANGt  IN, 
62.848 

M , ) 

Su«H  ACt 

H ANUt  ( N . 8 , ) 
62,264 

t AK  Th 

ANGLt  1 liitG) 
1.067 

CU5 ( 1 ) 

U,  999856  66 

ALTlTUUt  s 0 

ALTlTUUt  = U 

. ltiuot 

. 1646t 

u 6 y tt  i 

U 2 N . FT  . 

JLAM  WANjt  ( N . 

113.624 

"T  , ) 

SuHf  ACt 

FT  A NUt  (N.M.  ) 
117. 1U4 

t AK  1 h 

ANGLt  F (UtG) 
1 .95b 

CUG ( 1 ) 

U. 99942 CoA 

ALTlTUUt  i 0 

ALTlTUUt  = 0 

. 2000t 
. 62B9t 

U 6 f fcfcl 
02  N.M, 

JLANT  N a N 3fc  (N, 
215.  / 1)8 

M.  ) 

SUHh Act 

wANUt  (N.M.) 
212.207 

tAFT’H 

ANGLt  1 (UtG) 
3.564 

C U6 ( 1 ) 

U. 99809790 

ALTlTUUt  s 0 

ALTlTUUt  = 0 

. JbDbt 
. 4964t 

06  y tt i 

02  N . M . 

jLANI  K a N j fc  (>6. 
6U0.252 

M . ) 

SUFTf  ACt 

FT  A^Ut  l N . M , ) 
294.158 

t A FT  T H 

ANGLt  1 (UtG) 
4 ,899 

Cbl3  ( 1 ) 

U . 99664015 

ALTlTUUt  = 0 

ALTlTUUt  = U 

. 40UUt 
. 65  79t 

0 6 F tt  1 
U2  N . FT  . 

Jl  N A N Gt  (N. 

676. 1 V 6 

M,  ) 

6UNF  ACt 

FTANUt  ( N . M , ) 
667.082 

t AK  f H 

ANGLt  1 (UtG) 
6.114 

CU8 ( 1 ) 

0.99461191 
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HIP  ■ 


ppppj  - . 


1 


bLt  y A I 1 t)N 

ANuLb  = 6. 0000 

Utu, 

AL 

JC  5 

0 . lOUOt  U3  t bb  I 

Al>  . 

jUt  = 

0.1623b  01  N.M. 

jla'.  1 

* Al\  Jfc 

[N.M,  ) SUKA  Act 

WA  Nlit  ( N . M , ) 

tAN  Th 

ANULb  1 (UbU) 

COM  T ) 

11 . 

6/6 

11.334 

0.192 

0 . V9V99466 

All  1 

1 UUC  - 

J . 2 0 u Oc  06  t tt  I 

ALTiTUUt  = 

0 . 3269b  01  N.M. 

it  AN  1 

K A ^ j t 

(N.M.)  SuWA  ACt 

h#  (lat  (N.M.) 

t AH  i H 

ANULb  1 (DbU) 

CUM  T> 

25, 

0 9 u 

22 .659 

0 ,560 

0 , 99997796 

ALTiTu^t  = 

0 .5000b  03  t b c 1 

alMTulc  : 

0.496Lt  01  N.M, 

A L A N 1 

* A i\  j t 

l N . M , ) SuH3  ACt 

HA  Nut  (N.M.  ) 

t AH  Th 

ANULb  1 ( U b G > 

COb( T ) 

44  . 

235 

53 . 666 

0 .364 

U . 99993133 

A L T ITUUt  = 

0 . 4UCUt  U 3 ) tt  1 

AL ' l T UUc  = 

U.65/9b  01  N.M. 

3LA*  1 

H Ai'iic 

(N.M,)  b U M ► A L t 

WA  Nut  (N.M,  ) 

t A H T H 

ANULt  ( (DbU) 

C'Ob(  1 ) 

A 3 , 

1CA 

44 . 660 

0,742 

U .99991373 

A L T l 7 Uufc  : 

0 . 3000c  03  ft k } 

Ai 

JUC  = 

0 . 6224t  01  N.M, 

ALA1'  i 

KA  \ Jt 

(N.M.)  bu^f  ACt 

M A N U t l N . M , ) 

t A«  (H 

ANULb  I (UbU) 

COb ( 1 ) 

33,096 

33 .225 

0,920 

0 .99967113 

AL  T 1 

TUUt  = 

O.lOOOt  06  t-btl 

AL  T i 

TUUt  s 

0.1623b  02  N.M. 

3 L a N 1 

AAA  jfc 

(N.M.)  Sum-  Act 

t A N U h (N.M,  J 

t a ■(  r m 

ANULb  1 (Lit  G) 

C0b( I ) 

103. 393 

103.069 

1 . 730 

0 . 99933359 

AL  T l TUUt  = 0 .2000b  0 6 t Ct  I 

iJITUJt  = 0. 3269b  02  N.M. 

bL  AN  I H A \ Jc  (N.M.)  bU^ACfc  H ANUb  (N.M.)  e«H'M  ANULb  1 l UbU  ) COb ( I > 

196.966  193,504  -5,220  0.99642159 


A l r 1 r UUc  = 0 . 3 0 0 0 b 06  tbtl 

ALllTbOt  = U. 49526  U 2 N.M. 


M hanUc 

(N.M.)  but  A AC  b 

Ha  jUb  (N.M, ) 

t AH  ’ H 

A^UUfc 

1 (ObG) 

cobt  n 

2/6,961 

2/0.667 

4 

,506 

0.99690615 

T l (Out  = 

0. 4000b  Ufr  tbtl 

MTyut  a 

0 . 65  /9b  02  N.M. 

•>  a \ ie 

(N.M.)  SU«A  ACb 

H A'NUb  (N.M.) 

bAH  i H 

ANULb 

T (UbU) 

CUb( 1 ) 

5 4 / . 39 0 

340,246 

5 

, 667 

0.99311232 

. 
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tLfcVATHJN  ANGLt 


9.0000  Utb, 


I 


A l !Ut  : O.lOOOt  05  t tt  I 

AL  Uut  1 0.1b45b  01  N.M. 


bL  aN 1 K aN it 

(N.M,)  SU«t ACt 

N A^Ut  (N.M, ) 

t AH 

: M 

ANblt  1 ( UtC ) 

1 1 

13. 

41b 

10.27/ 

0,1/1 

u . 

9 9 9 9 9 5 5 4 

ALTITUUt  s 

0 . 2000b  05  V tt  1 

ALTITUUt  - 

0.3269t  U1  N.M. 

bLAM  WANjt 

( N , M , ) bU*)’  ACt 

UA'iUt  (N.M,  ) 

C A H 1 H 

ANbLt  1 (utb) 

( 

1 ) 

<>0  . 

642 

20.365 

0.339 

j • 

9 9 9 9 e 4 0 

ALTITUUt  = 

o . sooot  u 5 y tt  i 

ALTITUUt  = 

U . 4 9 3 4 1 01  N , M , 

bLANI  N A N it 

( N . 9 , ) bUNh ACt 

N A ■‘bt  IN,«.) 

C A K 

1 h 

A N b L t * li'Cb) 

I ) 

30 . b09 

30,46/ 

i , 5 0 4 

U 4 

9 999bl2i» 

ALTITUUt  = 

0 . 40UUt  05  T tt  1 

ALTITUUt  = 

0 . 65 / 9t  01  N.M. 

slam  wANit 

( N , M . ) SuNi ACt 

Na  9bt  ( N . 14  . ) 

tnH  i 

t-i 

A N b L t 1 l l t b 1 

LUb( 

1 ) 

4 3 . 

56b 

39 , 992 

U , 6 b b 

u • 

99993542 

ALTITUUt  s 

0 . 50  0 U t U5  fttl 

A'  * UUt  - 

O.B224t  01  N.M, 

SLA1"!  WANit 

( N . M , ) SuNf  ACt 

N AN(it  ( N . n . ) 

t A H 1 

M 

ANblt  • luO) 

1 ) 

SO. 

dad 

49.540 

U . t 2 5 

j . 

tt 9 19  6 4 / 

ALT  1 TUUt  = O.lOOOt  Lb  T tt  I 
ALTITUUt  * 0.1645b  U2  N,«. 

SCAN  I NAN  it  (N.M.)  SuH  ► A Lk  «A  ibt  (N.M,) 
96 . /OO  95.06/ 

ALTITUUt  = 0.200Uh  06  )•  tt  I 

ALT  i TUUt  = 0.32a9t  02  N.M. 

5LANI  W A N i t (N.M.)  bUN|  ACt  ><A  *uc  ( N , M . ) 
ISO . 00 0 1/7.039 

ALT l TUUt  = 0.3000t  06  ► tfc I 

A L T 1 T UUh  s U ■ 4934t  U 2 N.M. 

ILAM  N a N j t (N.M.)  SlJH>Att  ^A^bt  (N.M,) 
256.529  250,000 

ALT i TUUt  — U.AOUUb  U6  TbtT 
ALT  ITuUt  = 0.65/Vt  02  N.M, 


t A rt  i"  M A.vULt  1 llieli) 
1 . 5 o 3 


t A 1 ! H A NuL  t I Ill'll 
>.  .919 


tArtlh  A 'Uj L t ' (Ltui 
A , 1 0 A 


Cbb(  I ) 

b . tit* 


‘ A ( I I 

I 


,091  I , 

•J  . 9 '*  1 


>L  NaN  it  (N.M.)  Sun^  ALt  HANbt  (N.M.) 
325.  09U  316.263 


t A N I H ANbLt  I (UcG)  C05|l) 

Ji/St1  0 . / 1 3 / / 1>2‘ 
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tLkVAMOM  ANbLfc  = 10,0000  Ubb, 

AL  Ofc  - 0. 1000b  05  fefct 

AlI.jUe  = 0. 1643b  01  N.*. 


51.ANI  K A \ j t 

l M . M , ) by 

Abb 

9 A IV*  b b ( N.  M , ) 

t AKTh 

ANbLt  1 (Ubb) 

9 . 

4 0 0 

9 .240 

0,134 

Alt  1 Tuub  s 

0 . 2UU0t  03 

^ tt  f 

ALTlTyUE  - 

0.0209b  01 

N , M . 

3y  A\  1 *»  « 't  Jt 

JN.9I.)  bUH*. 

Abb 

HA'4bb  l N . M , ) 

E AH  ' M 

ANbLb  ' ( DbG  ) 

17. 

6 5 u 

16.05/ 

0,006 

At  T l Tuut  : 

L.OJOufc  03 

*■  tc  1 

alt i TuLfc  = 

0 . 4 9 0 4 E 01 

h , 1 . 

3L  A^  1 WA"ijt 

bynr  ALt 

9 A <bb  (N.n.) 

E A 9 I M 

ANbLfc  1 lufcb) 

2 > . 

/flc 

27.0 24 

0 ,433 

A L T t T u -j  t = 

U . 4 0 J U E 03 

► tt  ! 

AlT 1 T yuE  = 

0 • 6 3 / 9 1 01 

N , M , 

3LA'-I  nAHje 

bljrtf 

AC  t 

9 A ‘‘bb  ( N . M . ) 

C AK  1 H 

ATJbLb  1 i Ub li  > 

05  . 

/ 0 9 

06 . 162 

0,602 

Alt  1 f U-E  = 

0 . 3 u 0 U E 0 3 

► eeT 

A j c - 

J.O/’OAe  01 

N M , 

3L  A "k  ' jC 

( AJ , M . ) b y a r 

A^t 

N A ^bfc  lN.^,1 

E A 6 1 H 

A^bbfc  1 IDbG) 

H J , 

663 

44 .069 

0,747 

A L T i ' y 9 b - 

o.inoot  06 

► tt  1 

Alt i f gbb  1 

U . 1 6 4 3 1 02 

\ t M , 

3 L A •'«  * A 'N  a c 

l N , M , ) b J rt  r 

ACt 

bA^bb  (N.M. ) 

t Art  1 M 

A^bLb  t IDtG) 

0 3 . 

A U J 

06 . 652 

1.440 

Al  r i f u-;e  s 

u .2000b  06 

► tt  f 

altitude  3 

0 . 02  0 Vt  U 2 

N , M , 

3 L A N 1 * a iM  j f 

(9.4.)  byrt> 

ACfc 

9a  4bb  ( N . M . ) 

t *9  ! H 

AMbLb  1 IDbG) 

165  . 

990 

162,939 

2.714 

AL  T 1 1 U 3 E - 

O.OOOOt  06 

► fcfcl 

ALT  1 TyLE  3 

0 . 4 90  4 1 U 2 

N , M , 

3 1.  A A 1 9 a \ j t 

(N.'T.)  Syrt>ALb 

w A tv*bt  l N . M , ) 

t AH  IH 

ANblfc  1 lUfcb) 

203  . 

349 

201,7/9 

0,660 

alt  i t y Lt  = 

0 . 4 U U 0 1 U 6 

► fcfcl 

*lt i l u^t  s 

0 • 65  /9b  02 

N , M . 

31  rtAi\3t 

t A. , M , ) Suk9  ACfc 

rtArtbb  ( N . M . ) 

eakth 

AMblb  T <Ubt>) 

004, 

746 

294,043 

4,911 
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C0b<  1 ) 

0 . 99999609 


bUb ( T ) 

0 , 99990576 


CUi<  T) 

0 , 99996645 


O'Obf  T ) 

0 .999944/5 


oust  r ) 

U . 99991494 


L'Ubt  t ) 

0 . 999602  76 


C0b<  1 ) 

0 . 9900  7617 


00b(  ' ) 

0, 99/70099 


CUb  ( T ) 

U .99602900 


ELEVAflUY  ANGLE 


1 1 . 0000  UkL, 


At 

IDE  s 

0 . 1000E 

05 

►fctl 

AL 

JDE  - 

0 . 1645E 

01 

N,M, 

SLANT  mange 

( N , M , ) SUWf  age 

wANGE  (N.M.) 

eamTm 

angle  1 (DEG) 

cU5<  r > 

3 . 

566 

6.396 

0.140 

0 . 9999970 2 

ALTITUDE  S 

0.2000E  05  E EE  T 

ALTITUDE  = 

0.32B9E  01  N.H, 

SLANT  MaNGe 

( N , M , ) SuW>  AGE 

hange  cn.m.j 

eamth 

ANGLE  T (DEG) 

G U 5 ( T ) 

1/. 

027 

16.692 

0,276 

U . 99996623 

ALTITUDE  s 

Q.300UE  0 5 EEET 

altitude  = 

0.4934E  01  N.M. 

SLaNI  MaNGE 

(N.M.)  SuMEACE 

mange  (N.m.) 

eamth 

ANGLE  1 (DEG) 

C<J3(  1 ) 

25. 

3B6 

24 , 682 

0,414 

0.99997364 

altitude  = 

0.40U0E  05  EEET 

ALTITUDE  1 

0.65/9E  01  N.M, 

SlaNI  MaNGe 

( N, M , ) SuWE  ACE 

Mange  (N.m. ) 

t AM  ! m 

ANGLE  T (DeG) 

G°5 ( T ) 

33. 

649 

62.969 

0,549 

0.99995407 

ALTITUDE  = 

0.50UOE  0 3 EEET 

A’  'UDE  = 

0.8224E  01  N.M. 

bLAiN*  W A iNJ  jfc 

(N.M.)  su«e age 

mange  (n.m.j 

eamth 

ANGLE  I (LEG) 

CDS ( T ) 

41. 

618 

40 . 955 

0 .662 

U ,99992914 

AlTlTUUfc  S 0.100UE  U 6 EeET 
alt  iTuut  = o.1645e  02  n.m. 


SLANT  MANGE  (N.M.)  sum» age 

81,360 

ALTITUDE  s 0.200QE  06  EEE! 

ALTITUDE  = 0.32B9E  02  N.M. 

mange  (N.m.j 
79 , 492 

E A M 1 H 

ANGLE  1 (DEG) 
1,324 

G Da  ( i ) 

0.99973302 

5L a n i mange  <n.m.)  sumeace 

154.93^ 

ALTITUDE  = 0.3000E  06  E EE T 

ALTITUDE  - 0.4934E  02  N.M. 

mange  ( n . m . ) 

150.693 

EAM  ! M 

angle  T (DEG) 
2,510 

G D 6 ( 1 ) 

0 . 9990406  7 

slant  mange  (N,m,>  suh*ace 

222,6/3 

MaNgE  (N.m.  ) 
215,632 

E A M 1 H 

ANGLE  T (DEG) 
3,592 

CUS< 1 ) 

0,99803601 

ALTITUDE  = 0.4000E  06  EEEI 

ALTITuUt  s 0.65/9E  02  N.M, 

( E'aNGE  (N.M.)  SgK^ACfc  Ka^GE  (N.M.)  tAKIn  ANGLE  ! I DEG ) C ( l ) 

285.642  275.620  4,591  U.99b79194 
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APPENDIX  E - Miscellaneous  Notes 

GAM  is  aeasured  froa  the  vertical  in  the  computer  program.  When 
comparing  to  data  in  RADC-TR-71-60  note  that  the  GAM,  referred  to 
in  the  data  labels  (P221) , is  aeasured  froa  the  horizontal.  Also 
note  that  TM  is  defined  backwards  in  OC-TM-71-4 . RADC-TR-73-416 

docuaents  several  orbital  transfer  maneuvers  and  the  required  inputs. 


